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1. Introduction

1.1 Background to Regulatory Reforms

The domestic electricity sector has been regionally monopolized by nine (10 from 1972) vertically
integrated companies, known as General Electric Utilities (GEUs) in Japan. The electric power
industry used to be considered a natural monopoly because of its subadditive cost structure.
Recently, the situation has been reversed. We no longer expect sizeable benefits from scale
economies in this sector but expect it to be less efficient than those of the US and Europe because of
a lack of competition between existing power companies and potential entrants. The differencés in
charges between these countries suggest the scale of the GEUs' inefficiency in Japan.

To tackle the inefficiency of the domestic electric power system, the regulatory authority intends
to use two policy instruments in the reform. The authority has permitted the entry of independent
power producers (IPPs)—or power producers and suppliers—as wholesale suppliers in power
generation. Stimulated by this deregulation, many IPPs are expected to operate to increase
competition and thereby lower the supply price of electricity. The results of actual bids for the
wholesale supply by IPPs support this expectation. Second, the regulatory authority will permit
IPPs to retail electricity directly to large-scale users. In contrast, the authority does not propose
deregulating either the transmission or the distribution sector, in which natural monopoly still
prevails, because of network externalities. Third, to ensure an improvement from competition, the
authority will change the current zone-based transmission tariff system (i.e., pancake pricing).
This system is thought to discourage long-distance transmission and reduce inter-regional

.competition. To overcome this problem, an alternative tariff system (known as the "postage

stamp") is being designed to replace the zone-based system.

1.1.1 IPP Entry
Between 1996 and 1999, bidding took place for the wholesale supply to the GEUs by the IPPs for
the period 2000—-2007. The IPPs offered 7,413 MW in total at prices 10-40% lower than those of the

GEUs. This bidding was carefully designed so that the IPPs would not disturb the domestic power
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flow. It was not only because of this carefulness, but also because of a revised demand outlook in
the lingering recession that the GEUs quit bidding for this type of power supply in 2000 despite
there being a substantial number of potential IPPs.

The “Survey of Potential Entry of IPPs” was conducted by Agency of Natural Resources and
Energy (ANRE) (1998).1 This survey found that potential supply capacity was 21,350-34,950 MW
under the current bidding system and that an additional 8,850-16,000 MW would be available
under a more preferable bidding system for IPPs. The potential capacity is more than 10% of the

current GEUs' capacity. There is no consensus on the quantitative effect of IPP entry on this scale.

1.1.2 Zone-based Tariffs versus Postage-stamyp Tariffs

The current transmission tariffs consist of an access charge and a wheeling charge. The former
is charged for the use of the distribution gridi the latter is charged for the use of transmission
networks via -which inter-regional transmission is conducted (Figure 1.1). When power is
transmitted to other regions via the third or other regions under this system, wheeling charges are
accumulated. Not only long-distance transmission but also inter-regional competition can be
strongly discouraged.

The postage-stamp tariff system can resolve this problem. Under this system, electricity can be
transmitted over any distance once a uniform transmission charge has been paid (Figure 1.1).
Typically, postal services employ this tariff systerﬁ. On the one hand, this system can increase the
number of potential outside competitors for regional monopolists, and correspondingly, reduce
their monopolistic power. On the other hand, the postage-stamp system can increase transmission

losses because of frequent long-distance transmission and cause congestion in potential

bottlenecks.

1 QOfthe 818 companies surveyed, 436 responded, and these are summarized by region, fuel, load pattern, ete.
They were owners of power plants, large-scale companies in manufacturing, mining, construction,
warehousing, railway, trading, and gas sectors, and companies that had never bid for wholesale power supply,

and so on.
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1.1.3 Popular Concerns about the Reform

Concerns have arisen over the current reform measures. The first is over the degree of price
reductions. If IPPs have only a small capacity and/or consumers have a low price elasticity of
demand, consumer benefits from deregulation would not be as significant as expected.

Second, IPP entry could make the domestic power markets difficult to control. The Japanese
transmission networks have small capacity for inter-regional transmission. Because IPPs are
independent of the GEUs and, therefore, not directly controlled by the network operators of the
GEUs, this concern has been repeatedly expressed by the GEUs. If the IPPs' entry causes
excessive use of the transmission networks, this concern is possibly—but not necessarilyfvalid.
This risk will increase with increased congestion in the transmission networks. Therefore,
congestion must be carefully managed by, for example, congestion charges.

The third concern, which is related to the second, is that the reform of the transmission tariff
system from a zone-based syétem to the postage-stamp system may encourage IPPs to locate at
long distances from consumers and thereby increase long-distance transmission. The reform could
also cause congestion in transmission networks. In Japan, the transmission networks are thought
to be poor because they are “spit-shaped”. That is, regions are connected to each other primarily by
one backbone link. ane this backbone link becomes congested, the network cannot be fully used.
In particular, there is a potential bottleneck in the middle of the backbone link between Tokyo and
Chubu. To transmit power between Tokyo and Chubu, the frequency has to be converted between
50 Hz and 60 Hz because the power systems of eastern and western Japan differ. The converter is
costly and has limited capacity. This is expected to be the most crucial bottleneck for the

transmission networks when there is a large amount of (long-distance) transmission.

1.2 Necessity for Quantitative Analysis of the Reform Measures

Although the authority planned the regulatory reform primarily on the basis of qualitative
analysis and reviews of similar reforms in the US and Europe, there has been little quantitative

evaluation of the impact of the regulatory reform. For example, the ANRE (1998) carried out the
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survey mentioned above to evaluate the potential supply capacity of IPPs in each region but did not
analyze its impact on either regional demand and supply, welfare, or inter-regional power flows.
To design effective regulatory reforms, we need more concrete and detailed pictures of future
electricity markets. The allocation of IPP capacity and the design of the transmission tariff system
can cruciélly affect regional demand and supply prices, welfare, and inter-regional transmission
patterns. Evaluation of the regulatory reforms requires models that are characterized by regional
demand and supply functions.

Electricity demaﬁd functions were estimated in the context of Ramsey pricing by Matsukawa et
al, (1993). Supply functions (or cost functions) were estimated by, for example, Shinjo (1994) to
evaluate scale economies in this industry. Although providing empirical insights into demand and
supply behavior, none of these studies analyzed the impact of regulatory reforms by considering
IPP entry and reform of the transmission tariff system.

Takahashi and Asano (2000) simulated IPP entry by assuming two representative types of IPP
and a hypothetical electric power company with and without entry-forestalling pricing behavior.
Hosoe (2000) employed a 20-sector computable general equilibrium model to quantify the impact of
IPP entry on the other (mainly energy) sectors, factor mérkets, and overall welfare in Japan.
However, the models employed in these two studies were single-country models, and so could not
analyze the impact of the reforms on, and through, inter-regional transmission networks from a
spatial viewpoint.

To quantify the impact of IPP entry and reform of the transmission tariff system in Japan and to
answer concerns related to these reforms, we employ an electricity spatial and temporal price and
allocation (e-STPA) model, 4 la Takayama and Judge (1971). Our modeling technique is similar to
that employed by Salerian et al. (2000). We econometrically estimate price elasticities of dexand
and suppiy in each region by using the generalized method of moments (GMM) estimator, whereas
most other studies, including Salerian et al (2000), made ad hoc assumptions about some
elasticities or determined them from an engineering viewpoint.

Our simulation results suggest the following. (1) IPP entry would bring about significant price

reductions and reallocation of the surplus from producers to consumers. (2) The introduction of the
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postage-stamp tariff system would bring welfare benefits to Tokyo, Chubu, and Kansai in the form
of lower transmission costs, but would harm the other regions. (3) Depending on the capacity and
the location of IPPs, various transmission patterns would arise. Current IPP entry of 7,413 MW in
total would not cause congestion on any inter-regional transmission links. Although the link with
frequency converters between Tokyo and Chubu is generally expected to be the most crucial
bottleneck, IPP entry of 20,750 MW would not cause any congestion there. It is only when we
assume IPP entry of 34,480 MW under the postage-stamp tariff system that the link with
frequency converters would become a bottleneck. However, in this case, there would also be many

other bottlenecks.

This paper proceeds as follows. Section 2 explains details of our e-STPA model. Section 3
presents our simulation scenarios. Simulation results are shown in Section 4. Section 5 concludes

our paper by addressing the popular concerns.

A Spatiad Equilibritm Analysic of Regniatory Refornr in Japan's Elevirie Power Indwslry Page 6



. Akiyama and N. Hosoe May 15, 2003

2. The e-STPA Model

Our e-STPA model distinguishes nine regions in Japan, each of which corresponds to the
jurisdiction of an individual GEU (1: Tokyo, 2° Chubu, 3: Kansai, 4: Chugoku, 5: Hokuriku, 6:
Tohoku, 7: Shikoku, 8: Kyushu, and 9: Hokkaido).2 Each region has a pair of supply and demand

functions (2.1) and (2.2), which are expressed in linear complementarity form as follows:?

@D y,-(-p7+ 47 +B7-y,)=0,~p +(47 +BY - y,)20; 3,20 Vi,

2.9 x-(pf— 47 ~B7 -x,)=0, pi (47 +B -x, )20 5,20 Vi,

where I is the index of regions, p; is the producer price in the ;th region, p] is the consumer
price in the +th region, y; is production in the rth region, X; is consumption in the rth region,
and A4 and B/ are the intercept and slope coefficients of the supply and demand functions in the

rth region.

Inter-regional transmission links connect regions and allow imports and exports to eliminate
excess demand in one region by using excess supply in others (Figure 2.1). Producer and consumer
prices, the gap between which represents transmission costs, are determined to clear these excess

demands and supplies. With this extension, market-clearing conditions in the ith region are:

2 There is another region of Okinawa, which is isolated from the other nine regions on the Japanese mainland.
We do not include Okinawa in our analysis.

3 When we consider IPP entry in the manner discussed in Section 3, the supply function should be:

;| —pj +min (Aiyo’i'Biy'yi): maX(P;lPP: (Aiy"'ny'yi)) =0,

- p} +min (A,.yo +B} -y,.), max(p,.w, (47 + B7 -y,-)] 20; y,20 Vi,

0
where A;v denotes the original intercept term without IPP entry, and pflp‘p denotes the price offered by

0
1PPs. A denotes the intercept term with IPP entry; thus 47 < 4.
i i i

A Spatial Egunilibrium Analysis of Regulatory Reform in Japan's Electric Poner Industiy Page 7



S, Akéyama and N. Hosoe May 15, 2003

(
23) pi- y,.—ZZ,.j)=0, y,.—Zz,.j 20; p} 20 Vi,
\ j j

{
@4 pi- —x,+ZzﬁJ=0, -x,.+z,zﬁ 20; p/ 20 Vi,
\ / J

where z; is the amount of electricity transmission from the 7th region to the sth region.

Equation (2.3) implies that the total supply from the rth region to all the regions cannot exceed
the domestic production of the 7th region. (Note that the transmission includes that from the rth
region to itself) Equation (2.4) implies that the consumption in the th region cannot exceed the

total supply from all the regions to the rth region.

Equation (2.5) represents transmission capacity constraints on the total power flow at the sth

link,
(2.5) r,-[—Z—S—ZZp,J,-z,.jJ=O, Z,-ZZp,ﬁ-z,,zo;rszo Vs,
i i

where oy is a dummy variable used to specify links used for transmission from the 7-th region to

the jth region, Z is the transmission capacity of the sth link, and 7, is the congestion charge on

the sth link.

Each link can be used for transmission from/to the rth region to/from the jth region. Thus,

although there are nine physical links considered in Figure 2.2, 18 logical links are identified in our

e-STPA model.4 Py isa dummy variable used to specify routes of transmission. If transmission
from the 7th region to the jth region is possible using the sth link, 0, is unity, otherwise it is

zero. If the second condition of (2.5) holds with strict equality, the shadow price 7, G.e., the

congestion charges) is positive. Otherwise, the shadow price is zero. The capacity of inter-regional

4 Two-way transmission on the same physical link never takes place. This is ensured by (2.6), discussed later,

which implies a reasonable assumption about transmission costs.
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transmission links is shown in Figure 2.2,5 6
Equation (2.6) describes the condition for price equalization between the supply price in the ith

region and the demand price in the jth region, with gaps being due to transmission costs.
2.6 z -(—p;‘ +pl +t,+1 +ZP.-;:(V: +r;"’")] =0,
5
—p+p! +t, +Zp,.js(7; +rj’"'):_>0; z;20 Vi, j,
§

where £, are ad quantum unit transmission costs, which consist of an access charge and wheeling

charges from the 7-th region to the jth region, #/ j are ad quantum physical losses in transmission

from the 7th region to the j*th region, and r;""' is the initial transmission rent.?

The congestion charges are endogenously determined as the shadow price of (2.5); the initial
transmission rent is exogenous. In (2.6), congestion charges (and initial transmission rents) are
summed with respect to all the links that are on the route from departure region 7 to destination

region /. When transmission from the th region to the jth region is not possible using a link, say

the sth link, its congestion charge 7, —even if it is strictly positive—does not affect the price gap
between these regions. This is because the dummy variable, Py 18 set to zero for such off-route

links. Equation (2.6) implies that the supply price in the #th region plus unit transmission costs
cannot be lower than the demand price in the j-th region. If transmission from the 7th region to

the jth region is strictly positive/zero, the second condition in (2.6) holds with equality/inequality.

5 In Figures 2.2 and 4.1 to 4.3, the link between Hokuriku and Chubu is drawn with a broken line. This
indicates that we do not consider it in our simulations, although it does exist. The rationale for this
simplification is discussed in detail in Appendix I. .

6 Figure 2.2 shows that Shikoku has two direct links with Kansai. To simplify our model and simulations, we
assume that transmission between these two regions always uses one of them and that transmission between
Shikoku and Chugoku always uses the other. The rationale is discussed in Appendix I.

7 See Appendix II for discussion of the initial transmission rent.
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3. Simulation Scenarios

To evaluate the impact of the regulatory reforms, we perform quantitative simulations with six
scenarios, which are formed by combining two cases of the transmission tariff system (Cases Z and
P) and three cases of IPP capacity (Cases A to C). In all six (two by three) cases, constraints on
inter-regional transmission capacity ar;e imposed (Figure 2.2). These are reported by the Central
Electric Power Council (CEPC) (2002), setting aside the currently occupied capacity for inter-GEU
transmission, which is determined by their long-term contracts (Table 3.1). With this transmission

given, our simulation scenarios are arranged as follows.

3.1 Transmission Tariff Systems

Case Z assumes that the zone-based transmission tariff system is retained. A unit transmission
charge consists of the transmission charge, which is the sum of an access charge and wheeling
charges (Table 3.2), the transmission losses (Table 3.3), the initial transmission rent, and total
congestion charges, as shown in (2.6).8

As the amounts and .patterns of transmission are changed by IPP eniry, total
transmission-related revenue also changes. We chose not to employ a scenario that keeps the total
revenues unchanged (compared with the Base Run) by adjusting the (unit) transmission charges
because our objective was to shed light on the impact of IPP entry, not on the effects of changes to
(unit) transmission charges.

Case P assumes that the postage-stamp transmission tariff system is introduced. The access
charge imposed in Case Z is abolished and the wheeling charge is made uniform irrespective of
points of departure and destination. In addition to this wheeling charge, transmission losses

(exogenous), initial transmission rents (exogenous), and total congestion charges (endogenous) are

8 Although neither the initial transmission rent nor the congestion charge is explicitly employed under the
current transmission tariff system, in practice, a rationing mechanism is instead supposed to play the same
role to manage congestion and prohibit inter-regional transmission,
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imposed as in Case Z.

When we simulate the introduction of a new tariff system, the assumed level of the
postage-stamp price is cpucial. To clarify the impact of reform of the transmission tariff system, we
use Case Z as a reference for calculating the amount of transmission-related revenues (i.e., access
and wheeling charges, the initial transmission rents, and congestion charges) and calculate
postage-stamp prices for Case P that equalize the amounts of transmission-related revenues for

Cases Z and P under the same scale of IPP entry.?

3.2 The Scale of IPP Entry

Case A assumes that entry of IPPs as wholesale suppliers occurs on the basis of actual bids,
which were made between 1996 and 1999 for the wholesale supply to the GEUs for the period
2000-2007. We have IPPs in eight of the nine regions, and a total capacity of 7,418 MW (in the first
column of Table 3.4). 10

Case B simulates the hypothetical entry of IPPs that are actually planning to operéte according
to the ANRE (1998). This case assumes that IPPs will operate in all nine regions and have a total
capacity of 20,750 MW (in the second column of Table 3.4). |

Case C simulates the hypothetical entry of IPPs that intend to operate under a more favorable

bidding system and conditions than the current ones, also following the ANRE (1998). This implies

9 Given the transmission tariffs, IPP entry would increase transmission and associated revenues for the
network proprietor. If costs to maintain transmission networks are constant irrespective of the amount of
transmission—as we often expect for network industries—the increased transmission revenues can be
regarded as the network proprietor's surplus. The surplus constitutes social welfare in our simulation results
(shown later).

10 We convert the capacity of power plants (W) into the amount of the electricity generated (Wh) by
multiplying 365 (days) by 24 (hours) by 0.50 (the operation rate). Note that the operation rate of 50% is our

guess. However, we set the operation rate to 100% in the unit conversion for the transmission capacity.
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an IPP entry with the largest capacity (34,480 MW) of the three scenarios (and is reported in the
third column of Table 3.4).

For these cases, we assume that the IPPs in each region offer prices shown in the last column of
Table 3.4. Most of these IPP supply prices are estimated by using weighted averages of actual bids
in each region. The IPP supply prices in Hokuriku and Tohoku, however, come from an arithmetic
average of these prices in eight regions. The reason for this special treatment of Hokuriku is that
there has been. no bidding for IPPs' wholesale supply to the GEUs in this region. For Tohoku,
because there has been no bidding for base-load supply but only for peak- and middle-load supply, a
simple weighted average of actual bids would be biased upwards. The access and wheeling charges,

except for congestion charges, are exogenous and common under the zone-based tariff system.
IPP entry causes a shift in a supply function according to IPP capacity ( y,."n *) as shown in Figure

3.1. (To simplify the figures, we do not consider inter-regional transmission, congestion, or

transmission losses.) If the prices offered by IPPs ( p,’PP) are low and/or their capacity is small, the

demand curve tends to cross the new supply curve at a point where its slope is positive (Figure 3.2).
If IPP prices are high and/or their capacity is large, the demand curve tends to cross the flat part of -
the supply curve (Figure 3.3). In this case, the IPPs are the marginal supplier and their capacity is
not full& used. Note also that, if IPP prices are too high and/or demand is too small, the part of the
supply curve that shifts does not intersect the demand curve. That is, IPP entry in the region does

not affect the market.

Figure 3.4 illustrates how IPP entry in one region affects another in the two-region case.

Suppose that the initial equilibrium is represented by the white dots. This case generates no

inter-regional transmission because the supply price in the rth region p;’ plus transmission costs

T,',j exceeds region j's demand price p;f, which is equal to its supply price p; plus the

intra-regional transmission costs T i+ When IPPs enter the market in the 7th region with a

sufficiently large capacity and at a low bidding price, the supply price in the /th region would fall

as shown by the black dots. Now, the supply price plus inter-regional transmission costs can be
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S. Akiyama and N. Hosoe May 13, 2003

competitive with the price in the other region. The inter-regional transmission from the rth region

to the sth region takes place and reduces production in the jth region.

4. Simulation Results

4.1 Impact of Actual IPP Entry as Wholesale Suppliers

4.1.1 Scenario AZ: Under the Zone-based Tariff System

. The GEUs in the eight regions decided to accept wholesale supply by IPPs with a total capacity of
up to 7,413 MW, which takes effect in 2000-2007 as assumed in Case A. The simulation results
show that IPP entry would cut demand prices by 10.1-14.5% and supply prices by 12.2-17.2% to
redistribute the surplus from producers to consumexrs (Table 4.1). Because the price fall would lead
to increases in total regional demand, the decline in GEU production would be less than the scale of
IPP entry. Although there would be a decline in the producers' surplus in all regions, this does not
imply that IPPs would incur losses but does imply that the GEUs' profits would fall. In the case of
Tokyo, the IPPs' surplus would amount to 64,900 million yen and the GEUs' loss would amount to
690,000 million yen as shown in Table 4.1. IPP entry would affect not only the domestic market but
also other markets via inter-regional transmission.

With large-scale IPP entry and a significant price fall in Tokyo, inter-regional transmission from
Tokyo to Tohoku would occur to lower production in Tohoku by 1.4% (Table 4.2). This is illustrated
in Figure 3.4. Similarly, the supply declines in Chugoku and Hokuriku can be explained by the
large IPP capacity in Kansai and transmission from Kansai.

Actual IPP entry would lead to strictly positive welfare gains in all regions, as measured by the
sum of producer and consumer surpluses. For example, the largest gains of 80,100 million yen
would be in Tokyo, followed by Kansai, Chubu, and Kyushu. The welfare gains would depend
primarily on the assumed scale of IPP entry (Table 3.4). Even without IPP entry, Hokuriku would

gain slightly because of transmission from Kansai. With increases of intra- and inter-regional
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transmission and transmission tariffs unchanged, the network proprietor would obtain a surplus of
39,000 million yen.

As shown in Table 4.2, IPi’ entry would stimulate exports mainly from Tokyo to Tohoku and
frqm Kansai to Chubu, Chugoku, and Hokuriku, and also generate inter-regional power flow as

shown in Figure 4.1. It should be noted that these flows would not cause congestion on any

transmission links,

4.1.2 Scenario AP: Under the Postage-stamp Tariff System

When we change the transmission tariff system from being zone-based to a postage-stamp
system and keep constant the assumed scale of IPP entry and the total transmission-related
revenues, it is mainly the welfare indicators and the amount of inter-regional transmission that
would be affected (Table 4.3). The former can be explained by the changes in intra-regional
transmission charges; the latter by changes in intgr-regional transmission charges. Most
domestically generated electricity is transmitted to its own market. A postage-stamp price of 2.54
yen/kWh would generate the same total transmission-related revenue as that by the zone-based
transmission tariff system. Given this postage-stamp price, all regions except for Tokyo, Chubu,
and Kansal would experience increased domestic transmission charges, which were originally
1.70-2.19 yen/kWh under the zone-based tariff system (Table 3.1). Therefore, reform of the
transmission tariff system would reduce welfare in these six regions. On the other hand, Tokyo
and Chubu would double their welfare gains. Kansai would achieve smaller gains because there
would be only small gains from the deciine of its domestic transmission charges and losses from the
increased transmission charges on its exports to the two other regions. In terms of social welfare,
the postaée-stamp tariff system would deliver gaing of 600 million yen more than would those of
Scenario AZ.

It is often argued that the postage-stamp tariff system promotes long-distance transmissions by
reducing inter-regional transmission charges. Our results, however, suggest that increases in
inter-regional transmissions would occur only between nearby (i.e., short-distance) regions (Table

4.4). The power flow would not be large enough for any transmission capacity constraints to be
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binding (Figure 4.2). That is, even though the transmission networks are thought to be poor in

Japan, this lack of quality would not matter given this scale of IPP entry.

4.2 Impact of Hypothetical IPP Entry (1)

4.2.1 Scenario BZ: Under the Zone-based Tariff System

Case B assumes entry of IPPs that are planning to operate as wholesale suppliers under the
current bidding system and conditions, following the survey by the ANRE (1998). The scale of IPP
entry is assumed to be sufﬁciez}tly large to induce demand price falls ranging from 21.6% in
Hokuriku to 45.2% in Kyushu (Table 4.5). All regions would obtain positive benefits in terms of
welfare. Tokyo would again obtain the‘largest benefit of 117,700 million yen, followed by Kyushu.

Because of the entry of the IPPs' gubstantial capacity, Chugoku and Kyushu would become new
exporters (Table 4.6). Power flows would occur in opposite directions between Kansai, Chugoku,
Shikoku, and Kyushu compared with those in Scena;rio AZ (F;igure 4.3). In this case, the
transmission capacity constraints on the link from Kansai to Hokuriku would be binding to yield
quite high congestion charges of 1.67 yen/kWh.

Chugoku, in which IPP entry is assumed to be high, would carry out long-distance transmission
to Hokuriku via the third region of Kansai. This is simply due to abundant capacity arising from
large-scale IPP entry (and transmission from Kyushu), and is not due to the reform of the

transmission tariff system.

4.2.2 Scenario BP: Under the Postage-stamp Tariff System

In this simulation, we find a qualitatively similar impact of the introduction of postage-stamp
tériffs to that in Scenario BZ. That is, the introduction of postage-stamp tariffs of 2.54 yen/kWh
would benefit Tokyo, Chubu, and Kansai in the form of reduced transmission tariffs, whereas it

would harm the other regions (Table 4.7).

This scenario generates transmission from Tokyo to Chubu (Figure 4.4). The link between these
two regions requires a special facility to convert the frequency and is prone to being the main
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bottleneck in the transmission network. However, this simulation result implies that there would
be no congestion with this scale of IPP entry. Rather than the capacity constraints on this link
being binding, the constraints on links from Kansai to Hokuriku and from Tohoku to Hokkaido
would be binding. Hokuriku, the biggest loser, is located behind this link under a capacity
constraint.

Except for transmission via the Tokyo to Chubu link mentioned above, there would be no change
in transmission patterns in western Japan. In combination, the four simulation results imply that
inter-regional transmission patterns would depend strongly on the location of new plants rather

than on the transmission tariff system.

4.3 Impact of Hypothetical IPP Entry (2)

4.3.1 Scenario CZ: Under the Zone-based Tariff System

The survey by the ANRE (1998) also expects additional entry of IPPs that can operate under
more favorable entry conditions. This simulation result implies that further expansion of IPP
entry would provide additional benefits to consumers in all regions while providing much stronger
competition between producers, thereby reducing producer surpluses in all regions (Table 4.9).

We found that competition would increase not only between IPPs and the GEUs but also between
IPPs. Supply prices would fall drastically (to almost half) relative to the assumed IPP supply
prices. Then, the IPPs would become the marginal producers and hence determine the
market-clearing supply prices in these six of the nine regions, as Figure 3.3 illustrates. In these six
regions, IPPs operate at less than 100% capacity.l! This implies that our assumed IPP supply
prices might be lowered by severe competition. This cutthroat competition could be compared to

that between new common carriers in the telecommunications industry, which experienced

regulatory reforms a few decades ago.

11 As a result, IPPs' surplus in these regions would be zero because their demand curves would intersect the

horizontal part of their supply curves as Figure 3.3 shows.
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Chugoku is assumed to have IPP entry with the second largest capacity—following
Tokyo—which markedly increases its production by 25.2% and brings about significant changesin
transmission patterns in western J apan. This is why Chugoku would be the main exporter to the
nearby regions of Kansai, Hokuriku, Shikoku, and Kyushu (Table 4.10). With increased IPP
capacity relative to that assumed in Scenario BZ, power flows between Chugoku and Kyushu
would be reversed (Figure 4.5). In addition, because the transmission from Chugoku to Kansai
would increase by ui) to its full capacity, detour power flows from Shikoku to Kansai would also

arise.

With IPP capacity in Hokuriku trebled relative to that assumed in Scenario BZ, Hokuriku would
have less need to import power from Kansai. Thus, the congestion charge on the link from Kansai

to Hokuriku would be reduced.

4.3.2 Scenario CP: Under the Postage-stamp Tariff System

In this case, the postage-stamp price is 2.53 yen/kWh, which is very similar. to the price in the
other simulations under the postage-stamp tariff system. Hence, the simulation results are also
very similar (Table 4.11). The tariff system reform would raise the domestic transmission tariff
rates and lead to welfare losses in all regions except Tokyo, Chubu, and Kansai. In terms of sotial
welfare, increased IPP entry would bring about strictly positive gains. Furthermore, the
introduction of the postage-stamp tariff system would increase the efficiency of the transmission
networks and yield additional gains.

The inter-regional transmission charge would be reduced to promote inter-regional transmission
between Hokkaido, Tohoku, Tokyo, Chubu, and Kansai (Table 4.12 and Figure 4.6). The amount
transmitted between Kansai, Hokuriku, Chugoku, and Kyushu would be the same as that in
Scenario CZ. This is because transmission between these regions is already at full capacity. The
introduction of the postage-stamp tariff system would extensively promote inter-regional

transmission and the use of all the links. Congestion would occur on six of the nine links.
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5. Concluding Remarks

We have analyzed the impact of the regulatory reforms involving independent power producer
(IPP) entry and the introduction of the postage-stamp transmission tariff system by employing the
electricity spatial and temporal price and allocation (e-STPA) model with nine regions for Japan.
As the regulatory reforms have not yet been finalized, our simulation scenarios partly reflect actual
IPP entry according to the results of competitive bidding for wholesale supply and partly assume
hypothetical IPP entry according to the estimates provided in the survey by the ANRE (1998).
With these scenarios of the regional electricity markets in the near future, we have obtained
several useful simulation results. The main findings are as follows.

IPP entry would cause sharp falls in supply prices and reallocate the surplus from producers to
consumers to lead to welfare gains in all regions. The size of regional welfare gains would differ by
region and depend on IPP capacity and the transmission tariff system. Generally, regions with
large IPP capacity and/or high initial transmission charges would gain more. Even without
(large-scale) IPP entry in a region, inter-regional transmission from other regions can benefit its
consumers.

The larger the capacity of entrants, the more inter-regional transmission would take place. On
the one hand, transmissi'on links in western Japan would tend to have more congestion than those
in eastern Japan. This implies that increasing the capacity of transmission links in western Japan
should have a higher priority. On the other hand, the link between Tokyo and Chubu, which
requires a frequency converter, does not seem to be the main bottleneck in the sense that before the
transmission capacity constraint on this link becomes binding, those on other links would.

The postage-stamp tariff system would not necessarily cause congestion, but IPP entry with a
large capacity would. Cases B and C demonstrate this with long-distance transmission from
Shikoku and Chugoku to Hokuriku via the third region of Kansai. This long-distance transmission
would occur, even without the introduction of the postage-stamp tariff system. As a result of
introducing the postage-stamp tariff system, social welfare would increase by 600-8,400 million
yen.

The postage-stamp price would be in the very narrow range of 2.53-2.54 yen/kWh in our
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simulation results. The postage-stamp price is roughly equal to the total transmission tariff
revenues divided by the total amount of intra- and inter-regional transmission. The total amount
of inter-regional transmission is very small compared with the total amount of intra-regional
transmission. For this reason, IPP entry cannot affect the postage-stamp price, which consists of
total (i.e. inter- and intra-regional) transmission costs divided by transmission quantity. Thus, the
postage-stamp price would not differ much between cases.

Considering the sizeable reallocation of the surplus between producers and consumers and
between IPPs and the GEUs, we can expect the GEUs to be reluctant to let IPPs freely use their
transmission networks, A similar problem has accompanied regulatory reform in the
telecommunications sector. Regulatory reform in the form of IPP entry for freer electricity markets
must be accompanied by appropriate policy measures to ensure fair competition under open-access
to the transmission networks.

. Our assumptions about the scale of IPP entry might seem overly optimistic, particularly
considering the current economic situation and the suspension of the bidding for wholesale supply.
However, these may not be appropriate criticisms of our assumptions. In the long run, economic
recovery is expected. Indeed, the GEUs no longer accept wholesale suppliers, and retailing
activities by private plants .have begun. The potential supply capacity will support these retailing
activities. Although we use the term "IPPs" to refer to new entrants or power plants with lower
supply costs, new power plants owned by the GEUs, which replace their own old plants, have the
same effect of lowering market prices. In this sense, we can expect intense competition not only
between IPPs but also between GEUs,

Our work could be extended in a number of directions. Our simulation results suggest that IPP
entry would generate a large surplus (390-1,278 million yen) to the network proprietor.
Experiments to simulate tariff cuts might be needed. Concerning the model structure, we could
assume that GEUs and IPPs engage in Stackelberg competition because they differ greatly in size.
In addition, we could analyze whether or not the additional transmission-related revenues from
expanded transmission capacity cover the investment costs incurred by the network proprietor.

This would have important implications for the degree to which proprietors have an incentive to
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maintain networks in the context of future unbundling.

Appendix I: Model Simplification and its Rationale

There are special treatments for two links in the network assumed in our model. Hokuriku hasa
link (the Minami-Fukumitsu BTB) to Chubu an.d another (Zchizen-Reinan) to Kansai. The former
is omitted in our model for simplicity. This is because its transmission capacity from Hokuriku to
Chubu is zero and that from Chubu to Hokuriku is not specified separately but as the sum of its
capacity and the capacity of the Echizen-Reinan link between Kansai and Hokuriku. With this
simplification, we cannot define a case in which the link from Chubu to Hokuriku is in use, which
occurs only when the route from Chubu to Kansai is congested and a detour via the
Minami-Fukumitsu BTB link ig required. (Note that the Minami-Fukumitsu BTB link is not.used
first because of its high transmission charges under the zone-based tariff system.) However, no
such case arose in practice in any of our simulation results.

Shikoku has two direct links to Kansai (Honshi and Anan-Kihoku). We assume the Honshilink
is used only for transmission between Shikoku and Chugoku and between Shikoku and Kyushu.
Similarly, the Anan-Kihoku link is only used for transmission between Shikoku and the other
regions. This simplification can (but does not necessarily) cause a bias to our simulation results,
but only when all of the following conditions hold. (1) The Anan-Kihoku link from Shikoku to
Kansai is congested. (2) The Honshilink can transmit power from Shikoku to Chugoku. (8) The
link can transmit from Chugoku to Kansai. (Or, if all of these conditions hold for transmission in
the opposite direction). That is, our simplification excludes the possibility of a detour in
transmission from Shikoku to Kansai (or the other eastern regions) via Chugoku. This case,

however, did not arise in our simulations.
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Appendix II: Model Calibration

Our e-STPA model consists of nine regions, each of which has a pair of regional supply and
demand functions. As stated in Section 2, we assume that they are linear functions, i.e., (2.1) for
supply and (2.2) for demand. We obtain their slope parameters (B} and B;') by taking weighted

averages of the above elasticity estimates. For example, in the case of Tokyo's supply, shares of
hydroelectric, thermal, nuclear, and purchased power generations for 1998 are 4.7%, 39.7%, 43.4%,

and 12.2% respectively. The weighted average of their price elasticities is 0.143; the calculated

slope parameter is 3.100 following the definition of the elasticity. The intercept terms (A,.y and

A7) are calibrated to be consistent with the actual price and quantity for supply and demand in the

benchmark year of 1998. (The supply price is calculated in the manner discussed later.) The

intercepts are —90,837 for the supply function and 156,362 for the demand function in Tokyo.

Transmission costs (t,:,. ), reported in Table 3.2, are equal to the sum of wheeling charges from the

#th region to the jth region and the access charge in the jth region (recall Figure 1.1). Their data

sources are wheeling and access charge articles (Furikae-Kyokyu-Yakkan and

Setsuzoku-Kyokyu-Yakkan) issued by the GEUs. Data for transmission losses (# r:i) are from Table

3.3 of "the Minutes of the Electric Utility Subcommittee, Natural Resources and Energy Committee
(the Denki-Jigyo-Bunkakai-Sougou-Shigen-Enerugi-Chousakan" from the Agency for Natural

Resources and Energy. The losses are originally shown in physical terms, which we have converted
into value terms. Given the observed demand price ( p;'), domestic transmission charges (), and
domestic transmission losses (1), the supply prices ( p]) are derived from the following
expression:12

P:y =p; —t;—t;.

Theoretically, when a supply price plus transmission costs (i.e., charges and losses) in a region is

12 Note that congestion charges do not arise and neither do the initial transmission rents (discussed later).
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less than the demand price(s) in other region(s), transmission must take place between these
regions (see Equation (2.6)). However, this is not necessarily recorded in the actual data when we
compare demand and supply prices region by region. To overcome this inconsistency between

_theory and data, we assume that there should be some quantitative restriction to yield a rent in the
initial benchmark equilibrium. This rent (") on the sth link, which directly connects the ith
region to the jth region, is derived by using the data in the benchmark equilibrium as follows:

ri = max(O ,D; =D =1, —tl,.j).
ini

Note that there is no congestion charge in the benchmark equilibrium. The 7" is an eX0genous

variable in our model.

In calibrating the intercept terms, we set the initial amount of inter-regional transmission equal

to zero to simplify the model and the simulations. We obtained the transmission capacity (Zj)

from the Chuou-Denryoku-Kyougikai (the Central Electric Power Council) in 2002.
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S. . Akéyama and N, Hosoe May 15, 2003

Annex: Model Estimation

We estimate the following panel data regression model to obtain the price elasticity of the
supply and demand. We use the log-linear and Koyck lag form for the srth type supply and the
nth type demand functions for each region 7

We specify the supply functions as follows:

m
%3

log{Q" )= +6" (-f’—‘-] + " log(K™ J+y™ log(X2n )+ 4" log(0.,)

a.1) for i=1---9
m=H,T,N,P.

Subscript 7 is the index of regions with numbers from 1 to 9. Subscript £is the index of fiscal

years of observation. Superscript m is the index of power plants (H: hydroelectric, T: thermal, N:
nuclear, P: purchased from non-GEUs). Where Q,"; (10,000 MWHh) is the supply quantity and
cf; (yen/ MWh) is the unit cost of the zrth type of power plants in the rth region. p;, (yen/
MWnh) is the average sales pri;es, then P, / ¢/; is the average earning rate of the m-th type of
power plant!. K[} (MW) is the total capacity of the nrth type of power plant. X, is the
specific factor for the mrth type of power supply. That is, RAIN,, (mm) is the annual
precipitation for the hydroelectric power supply function. Poil, (1995 = 100) is the wholesale
price index of heavy oil for the thermal power supply function. Nmat,.’, (kg) is the amount of

nuclear fuels consumed for the nuclear power supply.
We also specify the demand functions as follows:
log{Qr, )= a7 + 57 og{p, )+ A" 1og(¥ )+ v 1og(X?, )+ ¢ 10g(07,,)

(A.2) Jor i=1--9
n=L,C,S,B.

Superscript 2 is the index of the electric demand (L: lighting, C: commercial power, S: small-scale

1 We calculate the average sales prices by dividing total revenue with total quantity for each region.
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S. . Akiyama and N. Hosoe May 15, 2003
industrial power, B: large-scale industrial power). Q, (10,000 MWh) is the demand quantity.

p;, (ven/ MWh) is the average prices of the mth type of power service in the fth region?. Y]

(100 million yen) is employed to control scale effects on demand. That is, the real regional
income is employed for the lighting service demand. Real gross regional product of the
commerce sector is employed for the commercial power service demand. Real manufacturing

output is employed for the large-scale and the small-scale industrial power service demand?.

X;',, is the other specific factors for the z-th type of power demand. For the lighting and the

commercial power service demand, there are two explanatory variables. AC,.’, (%) is the

average possessor rate of air-conditioners, which is employed because air-conditioners are one of
the major electricity eaterst. TEMPF,, (centigrade) is the absolute gaps between the monthly
means of maximum and minimum temperature at a representative city in each region, which is
employed to control operation rates of air-conditioners. By the way, we do not employ any

additional explanatory variables for the industrial power demand functions. Though we try such

conventional variables as capital stock, labor uses, and so on, their estimates are not significant.

In the regression model, @ and &/ are the individual effect parameters of the arth type
. i i

supply and mth type demand in the Fth region. A",y",4",B",y", and ¢" are the

parameters for the panel estimation. 6" and &" are the estimated price elasticity of the /m-th

2 We calculate the average prices by dividing revenues with quantities for each category of demand, and
deflate them by the regiopal consumer price index.

3 We distinguish between the large-scale industry establishments {with more than or equal to 100
employees) and the small-scale industry establishments (with less than 100 employees).

4 Tn its compilation, we take the average of the possessor rates of prefectures in each region weighted with
the number of households. As the possessor rates of air-conditioners for commercial buildings are not
available, its possessor rates for households are employed as a proxy variable in estimation of the

commercial power service demand function.

A Spatiol Equilibrinm Analysic of Regulatory Reform in Jupan's Bfectric Power Tudustyy Page A2
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type supply and zrth type demandS.

We employ the generalized method of moments (GMM) procedure for the regressiont. Our
estimation results satisfy overidentifying restrictions. All of our estimates of price elasticity and
the other parameters are significant and seem reasonable in their sign (Table A.1)7. The supply
price elasticity is bounded from 0.0397 (nuclear) to 0.6002 (purchase). Their magnitude seems to
be consist.ent with our intuition based on the (whole country) average operation rates: 83.8 %
(nuclear), 39.4 % (thermal) and 24.2 % (hydroelectric) in 1998. These operation rates imply their
load type. Plants with high operation rates tend to be in base-load operation and have small
price elasticity, and vice versa. In estimation results of demand functions, the price elasticity of
the large-scale industrial power is the largest among the four types of demand. Other
researches, such as Matsukawa, Madono, and Nakashima (1993), also provides similar estimation

results.

Table A.1: Estimates of Price Elasticity -

Supply Functions Elasticity t-value
Hydroelectric Power Supply 0.1922 (5.87)
Thermal Power Supply 0.1097 (11.01)
Nuclear Power Supply 0.0397 (6.43)
Supply with Purchased from Other Companies 0.6002 (11.57)

Demand Functions Elasticity t-value
Lighting Services -0.1256 (-8.77)
Commercial Power Services -0.0745 (-7.37)
Small-scale industrial Power Services -0.0497 (-3.78)
Large-scale industrial Power Services -0.2217 (-8.19)

5 Note that the nuclear power supply functions for Hokuriku, Tohoku, and Hokkaido are omitted in our
estimation because their nuclear plants were not in operation in the beginning year of our estimation period
of 1978.

6 Chamberlain [1984] provides details of panel estimators. Baltagi [2001] provide details of GMM
estimators for panel data.

7 All the estimates of parameters are shown in Tables A.2-A.9.

A Spatial Equilibvizan Analysis of Ragulatory Reform iu Japen's Electric Power Indurigy Pgge A 3




3. Akiyama and N. Hosoe May 15, 2003

Table A.2: Estimates and Test Statistics — the Hydroelectric Power Supply Function

estimate (t-statistic)

Supply Price 0.192 (5.87

Capacity of Power Plants 0.310 (7.85)

Precipitations 0.364 (11.30)

Lagged Dependent Variable 0.100 (1.62)

Intercept Terms , estimate (t-statistic)  Adjusted R?
Tokyo 0.804 (1.78) 0.6910
Chubu 0.592 (1.38) 0.6528
Kansai ’ 0.920 (2.02) 0.6110
Chugoku 0.011 (0.03) 0.8493
Hokuriku : 0.373 (0.90) 0.6492
Tohoku 0.811 (1.88) 0.3593
Shikoku -0.031 (-0.09) 0.5304
Kyushu 0.130 (0.8 0.7405
Hokkaido 0.258 (0.68) 0.4871

Degrees of freedom are 104.
Test of overidentifying restrictions (P-value) is 89.097 (0.85).

Table A.3: Estimates and Test Statistics — the Thermal Power Supply Function

estimate (t-statistic)
Supply Price 0.110 (11.01)
~ Capacity of Power Plants 0.134 (3.79)

Price Index of the Heavy Oil -0.094 (-5.25)

Lagged Dependent Variable 0.744 (23.44)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo 1.370 (3.82) 0.8659
Chubu 1.227 (3.60) 0.9128
Kansai 1.240 (3.65) 0.6660
Chugoku 1.217 (3.90) 0.8228
Hokuriku 1.103 (3.92) 0.7284
Tohoku 1.212 (3.82) 0.9288
Shikoku 1.053 (8.61) 0.6291
Kyushu 1.167 (3.66) 0.7670
Hokkaido 1.068 (3.67 - 0.7352

Degrees of freedom are 95.
Test of overidentifying restrictions (P-value) is 82.592 (0.81).
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Table A.4: Estimates and Test Statistics — the Nuclear Power Supply Function

estimate (t-statistic)

Supply Price 0.040 (6.43)

Capacity of Power Plants 0.055 (6.95)

Nuclear Fuel 0.948 (92.61)

Lagged Dependent Variable 0.020 (2.93)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo -0.600 (-22.07) 0.9994
Chubu -0.486 (-17.22) 0.9959
Kansai -0.439 (-15.89) 0.9999
Chugoku -0.398 (-18.57) 0.9996
Hokuriku - - -
Tohoku - - -
Shikoku -0.427 (-16.04) 0.9808
Kyushu -0.466 (-18.95) 0.9999
Hokkaido - - -

Degrees of freedom are 68.
Test of overidentifying restrictions (P-value) is 59.149 (0.77).

Table A.5: Estimates and Test Statistics — the Purchased Power Supply Function

estimate (t-statistic)

Supply Price 0.600 (11.57

Capacity of Power Plants © 0.596 (11.63)

Lagged Dependent Variable 0.428 {9.30)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo -1.241 (-5.13) 0.8771
Chubu -1.215 (-5.57) 0.6087
Kansai -0.947 (-4.62) 0.8906
Chugoku -0.967 (-4.54) 0.8832
Hokuriku ‘ -0.970 (-4.87) 0.9051
Tohoku -1.079 (-5.01) 0.9080
Shikoku -1.210 (-6.60) 0.9259
Kyushu -1.029 (-5.07) 0.8465
Hokkaido -1.139 (-6.18) 0.3282

Degrees of freedom are 96.
Test of overidentifying restrictions (P-value) is 95.878 (0.48).
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Table A.6: Estimates and Test Statistics — the Lighting Service Demand Function

estimate (t-statistic)

Demand Price -0.126 (-8.77

Household Income 0.130 (7.95)

Air-Conditioners 0.021 (3.90)

Temperature 0.051 (7.36)

Gas charges 0.010 (4.96)

Lagged Dependent Variable 0.841 (55.26)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo 0.619 (3.99) 0.9974
Chubu 0.627 (4.32) 0.9949
Kansai ' 0.600 (4.07) 0.9922
Chugoku 0.593 (4.29) 0.9949
Hokuriku 0.557 (4.32) 0.9972
Tohoku 0.618 (4.31) 0.9985
Shikoku 0.589 (4.46) 0.9951
Kyushu 0.612 (4.29) 0.9954
Hokkaido 0.628 (4.49) 0.9982

Degrees of freedom are 129. .
Test of overidentifying restrictions (P-value) is 112.995 (0.84).

Table A.7: Estimates and Test Statistics —— the Commereial Power Demand Function

estimate (t-statistic)

Demand Price -0.074 (-7.87

Commercial Products 0.102 (8.19)

Air-Conditioners 0.024 (4.49)

Temperature 0.074 (11.72)

Gas charges 0.867 (72.89)

Lagged Dependent Variable -0.074 (-7.837

Intercept Terms estimate (t-statistic)  Adjusted R2
Tokyo 0.355 0.19 0.9984
Chubu 0.300 (2.89) 0.9975
Kansai 0.310 (2.91) 0.9972
Chugoku 0.276 (2.82) 0.9963
Hokuriku 0.261 (2.86) 0.9969
Tohoku 0.321 (3.13) 0.9988
Shikcku 0.271 (2.92) 0.9965
Kyushu 0.308 (8.02) 0.9974
Hokkaido 0.324 (3.16) 0.9987

~ Degrees of freedom are 121.
Test of overidentifying restrictions (P-value) is 102.597 (0.89).
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Table A.8: Estimates_and Test Statistics — the Small-scale industrial Power Demand Function

estimate (t-statistic)

Demand Price -0.050 (-3.94)

Manufacturing Output 0.022 (2.65)

Lagged Dependent Variable 0.917 (97.02)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo 0.765 (6.30) 0.9678
Chubu 0.736 (8.37) 0.9674
Kansai 0.727 (6.28) 0.9465
Chugoku 0.679 (6.38) 0.9677
Hokuriku 0.645 (6.38) 0.8786
Tohoku 0.716 (6.52) 0.9862
Shikoku 0.650 (6.39) 0.9638
Kyushu 0.721 (6.62) 0.9810
Hokkaido 0.646 (6.39) 0.9907

Degrees of freedom are 78.
Test of overidentifying restrictions (P-value) is 76.060 (0.54).

Table A.9: Estimates and Test Statistics —— the Large-scale-industrial Power Demand Function

estimate (t-statistic)

Demand Price T -0.222 (-8.07)

Manufacturing Qutput 0.117 (9.34)

Lagged Dependent Variable 0.803 (43.26)

Intercept Terms estimate (t-statistic)  Adjusted R?
Tokyo 1.809 (7.86) 0.9840
Chubu 1.776 (7.94) 0.9796
Kansai 1.787 (8.01) 0.9606
Chugoku ' 1.705 (8.02) 0.8770
Hokuriku 1.698 (8.39) 0.8465
Tohoku ) 1.762 (8.25) 0.9280
Shikoku 1.648 (8.22) 0.4065
Kyushu 1.752 (8.22) 0.9263
Hokkaido 1.660 (8.40) 0.7007

Degrees of freedom are 78.
Test of overidentifying restrictions (P-value) is 71.920 (0.67).
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