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Transmission pricing in Japan*®

Hiroshi Asano and Yukitoki Tsukamoto

This paper describes the preseni sLus of compeii-
tion in the electric utility industry in Japan and the
present transmission pricing svsiem. Under the
amended Elecrricity Utili Indusiry Law of 1995,
the electric wlility industry was categorized inio the
I ypes: ‘general’, 'wholesale | and special supply’
wiilities. This paper also suwimarizes the first
competitive bidding from independent power pro-
ducers (IPPs) and the evaluation of demand site
proximity in the bid process. In 1996 the major
utilities published wholesale wheeling price lists for
IPPs. Although wholesale wheeling prices are
simitar 1o the megawatt-mile (MW -mile} approach,
the frumb transmission line cost and the average
lacal transmission cast are treated separatel. The
preseni study revigws the present wheeling price
svstem in Japan from the principfes of iransmission
pricing established for shoriierm and long-rerm
effictency and implementation. Finallv, we propose
a 2-part tariff on iransmission services for IPPg
Capacity cost shoptd be allocared v a modified
usage method, Operating cost including line losses
showld be eflorated bv o marginal or incremeniaf
method. We turther prapose the application of the
cooperative game theory o the cost allocation
grobiem. € J497 Efsevier Science Lid. Al rights
reserved.
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Imroducticn

Before the amendmem of the Electric Eubiny Indysin,
Law. there were no pracnces of wholesale wheeling and
rera| wheeling. Transmission syslems were o ofen Lo
only Y elecing power companies (EPCost and Electnic
Fower Development Co., Lid. {EPDC These 1O com-
panies exchanged 40 TWh of clectricity n fscal 1994,
with intenniline wheshng charges 501 35 low a5 pogsible
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The Japanesc government decided to liberalize the
clectricity generation marker in 1995 On the supply side,
by encouraging the entry of independent power produc-
ers (IPPs) into the wholesale marker, eleciric power
companies should be able 10 reduce their suppiv costs.
This would be achieved through the introduction of 2
bidding system. New enbranis 2re not limited o the area
of the purchasing electric wnlity. Wholesale wheeling
allows for the development of a2 wholesale generation
market over a wide area, Winmers would acquire the right
10 ask the electric power companies to wheel the power
w the purchaser in a fxed price. This made tensmission
another important issue alsa in Japan.

The electric utility industyy in japan

Todav the elecrric utility industry in Japan is mainly
operated by L0 regional investor-owned eleciric power
companies. Ning utility compenies from Hokkaide w
Kyushu EPCos were created in 1951 when the couniry's
glectric utidity industry was reovgamized. The 10th,
Chmawa Eleciric Fower Company was created in 1972,
They are werically integraied and have the legal
obligation to provide electricity. There are also whelesale
power companies which supply electricity to the 10
regional electric power companies. Wholesale electric
power compames include EPDC, The Japan Atomic
Fower Company, 34 public corporations, and 20 inves-
tor-owned companies jaintly established by the regional
clecinc power companies and major electrictly consume-
ers. Besides rhese utilities, facilities that generate
electneity lor themselves, termed self-generaling facili-
ties are alse popular in Japan, generating 115 billion
LWh in 1994, Self-generation has betn increasing in beth
mstalled energy peneration capacity and energy produc-
non snce 1986, making self-peneranon one of the
driving forces for the intredustion of competition.

Three backpground considerations for dersguiation m
Japan must be discussed. First, 9 of the major Japanese
utilivies are rather large companies. Five of these have
mora than a 10 GW peak-lpad; the smallest one has a 4
GW peak-icad. Second, the differences in electricity
prices arc relatively small: the most expensive average
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price is 27 ven/kWh for residential customers, only 16%
higher than the least expensive average price of 23.4 ven/
kWh. Third. Japan is a resource poor country that
respects energy security and long-term investment plans.
and is thus reluctant to depend fully on a market driven
system.

Power-generating facilities

Utilities have directed efforts toward diversifying their
power sources and reducing oil consumption through the
Hevelopment of nuclear. hvdroelectric. coal fired, and
liquefied natural gas (LNG) fired plants. At the end of
September 1996. the total installed generating capacity

. of the 10 electric power companies and wholesalers was
207.723 MW, Of this generating capacity. nuclear power
accounted for 19.8%. hydroelectric power 20.8%. ther-
mal power 59.4% (with oil burning accounting for 28%,
LNG buming for 22%, and the rest for coal). In 1995, the
9 utiliues generated 845 billion kWh. of which nuclear
power accounted for 34%. To secure a siable electncity
supply. Japanese uulities have achieved a well balanced
mix of power sources. However. public acceptance is
waning and new plants tend to be located in remote
areas.

Power demand

Total power consumption was 859 TWh in fiscal 1994, a
6.7% increase from the previous vear. Total power
consumption for fiscal 1995 is shown in Table 1.

One of the most pressing issues facing Japan's utilities
1 the need to decrease the growing consumption
differences between times of dav as well as between
seasons. Spiraling peak demand can be attributed o a
growing number of air conditioners in use. The annual
load factor of the 9 major utilities fell below 60% in the
mid 1980s and remains between 55% and 60% n the
1990s.

Power iransmission

The electric utility industry has been promoting wide-
area operation by reinforcing and  expanding
interregronal transmission facilities. Japan’'s bulk trans-
mission network consists of 500 kV. 275 kV. 187 kV, and
132 kV lines. These transmission lines are owned and
operated by 10 regional power companies and EPDC.
Power transmission capaciues are shown in Table 2.

Table 1. Consumption of utilities and wholesalers (excluding self-
generation) in fiscal year 1995

Residentral 124 TWh
Commnier¢ial 153 Twh
Small industry ( <500 kW) 108 TWh
Large industry 1over 500 kW) 274 TWh
Other (agncutural. night-only service. elc.; 17 TWh
Total 777 TWh

Source: fapan Electnc Power Survey Comminiee ¢ 1996)
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Table 2. Power transmission capacities of the 10 EPCos

Route iength of transmssion line (km)

LUinder |10 kV 32414
More than 110 kV 17.069
More than [87 kV 17.564
Total §7.042

Source: JEPIC (1995). Electric Power Industry in Japan 1995/96.

Trunk transmission systems for major load centers. such
as the Tokyo and Osaka areas, have been installed on an
outer loop of 500 kV transmissicn lines, with trunk lines
from the power sources connected to the outer loop in a
radial patern. Tokyo EPCo is preparing to meet
increasing future demand by constructing a 1000 kV line
outside the existing 500 kV outer loop transmission
line.

Amendment of the electric utility industry law

The amended sysiem (Federation of Electric Power
Companies, 1995)

The amendment of the Electric Utility Industry Law was
implemented in December 1995. Five major amend-
ments were made:

s encouragement of new wholesale electricity suppli-
ers:

mntroduction of a bidding system:

establishment of a wholesale wheeling sysiem:
creation of special supply utilities: and
implementation of a flexible rate making and contract
system.

Under the Amended Electricity Utility Industry Law, the
electric power industry is now categorized into the 3
types: ‘general’, “wholesale’, and ‘supply’ utilities. Any
supplier owing facilities with a capacity of up to 2000
MW is defined as a wholesale supplier and is exempt
fromn the regulations for wholesale electric utilities.
Under the Japanese system, special supply utilittes are
allowed to supply electricity in limited, designated areas.
This micro-utility was created to introduce limited
competition into the retail market. Cogenerators in
redevelopment areas are expected to Jaunch such service.
The first micro-utilities, serving hospitals and health care
centers for the aged, are anticipated to begin operation in
1998.

Figure | shows the revised supply structure in Japan.
This reform is based on a model of competitive bidding
and wholesale wheeling. Transmission and distribution
functions are bundled. Even with new competitors, the
existing general utilities will continue to provide the bulk
of electricity as the mainstay of the supply system. The
roles of new entrants and the existing electric utilities are
different. New entrants in electricity generation have a




free choice of power plant iype while existing elecric
utilttres must continue 10 follow the opumum fuel mix
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Transmission pricing in Japan

Economy as the primal criterion is respected most not
only in Japan but aiso in other industrialized countries.

Roughly speaking. nuclear and coal fired power are
usually chosen as base-load plants in Japan because both
technologies are characterized bv low expensive operat-
ing cost. LNG fired plants are popular as
intermediate-load plant, oil fired plants and pumped
hydro as peak-load plant. These choices are desirable not
only from the economical viewpoint but aiso from other
3 factors: security, environment, and system operation.
Stable electricity supply both in the short run and in the
long run against energy supply fluctuations and disrup-
tions requires diversification of generating fuels and fuel
suppliers. Japan's electricity and energy supply depends
on imports except for hydro power. Therefore. from the
energy security aspect, this means Japan had better have
a diversified and well balanced fuel mix(that is the
optimum fue! mix policy). From the environmental
aspect. especially from the global warming problem,
non-fossil energy sources are desirable. However, envi-
ronmental issues are not simple and should be discussed
separalely). Further, from the operational point of view
for power systems, our selection of the generators is
suitable to maintain the system reliability.

IPPs as decentralized small or medium sized power
plants might demonstrate the advantage of their shon
lead time if sharp demand fluctuations are observed in
the future. The revised system should efficiently combine
the merits of these separate roles.

Bidding of IPPS (Matsuo. 1996)

The first competitive bidding was conducted in 1996.
Since general utilities continue to have an obligation to
supply electricity. the bidding systern applies to small
and medium sized thermal power plants that begin
operation within 7 vears trom the time the plans are
formulated.

Six utilities (Hokkaido. Tohoku. Tokvo. Chubu, Kan-
sai. and Kyvushu) will collectively procure 3 GW by a
new bidding system. The total amount of power
purchased ts equivalent to §i1-15% of the additional
capacity. Bidders™ capacity accounts for 4 times the
capactty put up for the bidding. The iron and sieel
industry has shown a big advantage in plant location and
infrastructure for fuel supply. For the IPP supply to

Kansai EPCo. all oil fired plant projects failed to wip'
bids. However. for the IPP supply to Tokvo EPCo. o}
fired plant projects won 7 of § bids.

A contract term. in prnciple. 15 15 vears. thereb
securing a long-term plan for both IPPs and utiiities. In
the market for non-utility power. price is determined by
the announced avoided cost of the utility. Avoided cogt
represents an upper limit on price for bid projects. For
Tokyo Elecuic Power Company, the avoided costs are
calculated capacity factors of 10% to 80%.

Table 3 shows the relative scale of IPPs to the
generating capacity developed bv the utilities. Consider-
ing the' effects on the environment. IPPs might
exacerbate the environmental load. For example. among
IPPs decided informally, coal fired plants account for
47% of the total capacity of IPPs. IPP plants also have
lower thermal efficiency and a larger coefficient of CO,
emissions. There is also concern that increasing numbers
of IPPs located near urban areas may significantly
increase air pollution since power plants of less than 150
MW total capacity are not legally required o submit an
environmental impact assessment. In fact. 12 of the 20
successful projects range in total capacity from
100 MW o 150 MW,

Present transmission pricing

Supply rransfer charges (relav charge among utilities)

Charges for the exchange of electricity among utilities
are based on the assumption that supply transfer varies
lile from predetermined patterns. Supply transfer
charges are set for 2 types of contracts as follows:

1. In contracts involving the exchange of surplus
electricity among utilities without specified routes,
supply transfer-charges are determined according to
the average transmission costs (book value base) of
each utility, to promote mutval aid rather than
competition.

In contracts involving the exchange of electricity
between 2 utilities from specified power plants, when
specified routes need reinforcing, supply transfer
charges are calculated individually by route. That is
based on the incremental capacity cost of the
reinforcement.

(%)

Table 3. IPP 1996 and 1997 solicitation

Start vear of operation 10 utilities amount (GW} ' IPPs

Amount (GW)  Cumulative (GW)
19992001 22,50 3.05° 1.05
2002-2004 22 2.65+° 570+

*6 udilives, coal =47%, 01l =40%, gas=11%

*6 Utilities. Hokkaido will announce. Other 5 utilities fixed the amount of purchased power. Shikoku

will stant budding
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Whelesale whesling charges

In the smmedaate fuwre, new entrants are likely 1o be
smaller thap the present power plants developed by the
cleciric ulitities and thus will not reguire Lhe reinforce-
meml of specified transmussion rowres. Therefore. the
supply iransfer charges deterrnined for the exchange of
surplus elecirieny amonyg utilities may also be apphed 10
wholesale wheeiing. This will allow electric unlities 1o
publish wheeling prce lists. The present Japanese
wheeling rate is similar to the MW-mile method. The
cosl necessary for the connection of successful bid
projects 0 the Jocal okliny is caiculated indivicually, &
separate method of calculation applies if large scale bids
require the reinforcement of specific mansmission routes.
Figure 2 shows ransmission the capaciry and wheeling
rates for wholesale wheeling o Tokyo EPCo. These
figures are the amourt of capacity which each company
can use for thar pnce, And for example, the 400 MW
capacity {in Toboku} means the maximum available
ransmission capacity for the sum of power from TPPs in
the area of Hokkaide EPCo and that from [PPs in the
area of Tohoku EPCo So if wheeling power from
Hokkaido i5 100 MW, the maximum wheeling power
from [PPs in Tohoku is 300 { = 400-100% MW.

For the relay from Toheku EPCo to Chubu EPCo,
Tokyo EPCo assumes the trunk transmission route from
an interconnecting poitl {Shin Pukushima)l w the
frequency conversion stanon (Sakuma). The relay wheel-
mg <harge is the annual capacity cost divided by the
power flow of the IPF and the annual operuting ime. For

Framsmession praceng oa Jdamae

an 1PP Jocated within 2 Tokvo EPCo service ares the
wheeling charge is the sum of s trunk transmission
line cost (.33 ven/k'Wh) and the average local mansms.
siom cost (0011 yenkWhi. The methed of calculauny the
compensation for enpergy losses in wholesake wheeling 1»
that in relay charges among utifies. Transmission losses.
for wholesale wheeling are based on the average losses
of elecrricuty exchange in the previous vear Transmis-
sion losses are calculaled for several zomes {op to 5
zonss) in each utility.

Eveluation of derrand site proximiny

Bid price should be a major element in e bid evalbation
process, Howewver, cvaluation also includes operating
conditions, proximity 1o demand, environmental charac-
eastics, and project reliability. The most relevant faceor
10 ICANSMISSION Pricing is proximily to demand. Because
power plants have been buill in remole areas, considera-
tion needs w be given o demand siee proximity.
Evaluation should therefore include transmission costs
and transmission Josses. these reflect demand sie
proximity and influence transmission pricing. For exam-
pie. Tokyo EPCa gives a credit of 0.30 ven/k'Wh for IPPs
located in the lgad center, considering (ransmussion costs.
Hokkaide EPCo evaluates the demand proximity of 4
different zones in calculating rapsmission loss,

Obfectives behind yeqring rransmission charges

Transmission charges should be ==t to “achieve the
following objectives:

Huokkaida
I AF5yenik Wh
G0- LG W
* afrer vear II{HI
'
Tohoku
5-400 MW
Hakuriky
35200 MW )
=11 0. 56yenkWh
 —— TS0 MW Tt 1ayen/k Wh |
i TE00 M Chaso
1 — ug
i |.32ventk Wh f | M9 ventk Wi
1 |
E K vush l K L. 200 MW d
vushu 1570 R ansa Chubu 3L 20 M ot
) - okyo
l Oelyvenk Wh 0. Yoven/kWh
29l venik ey I
Shikoku

Figure 2. Teansmussion capaciy and wheeling rates for wholesale wheeling o Tokyo EPCo

207




Transmissiont precing in Jupar

1. promote the efficient dav-to-day operation of the bulk
power markel:

1 ¢enal locattonal advantages for investment in genera-
tion and demand.

3. signal the need for investment in the transmission
system;

4. compensate the owners of existing transmission

assels:

appear logical. based on obvious czlculations; and

6. appear practical and politically feasible 1o imple-
ment.

h

The present transmission charges are predetermined
based on generating capacity and peak demand in Japan.

Therefore. they can not promote the efficient day-to-day - -

operation of the bulk power market (Objective 1).

Utilities have sel their transmission charges 1o recover
all of the revenue that the government allows (Objective
4). However, they aiso consider the consistency with
interutility charges. Utilities have also been concerned
that their charges should be straightforward, and their
calculations logical (Objective 5). AL present. they
consider nedal pricing too complex for transmission
USErs.

Prices currently do not signal the need for investrnent
in the transmission system {Objective 3). Each regional
utihity holds a licensed monopolyv. and has a duty to
operale an efficient and economical power svstem. As
such. their transmission planning should be based on
captive demand. Investment decisions are internal 1o the
company.

Proposed transmission pricing

In Japan, people expect the electric uulites to continue to
be responsible for transmission planning to meet the
steadilv growing demand. because they are especially
interested in long-term stability of energy supply. The
Electric Utility Indusiry Council. therefore, suggests that
for full cost recovery. uulittes should base the price of
wheeling power service on the average costs of transmis-
sion facilities. On the other hand. however. short-term
operation is also Importam 10 achieve an efficient energy
supply-

Generally. the provided transmission price should be
deterrmined by the following: (1) capacuy cost, (2)
transmission loss cost. including ancillany services, and
{3) congestion management costs. Asano and Okada
{1996) evaluated the first 2 factors using a simplified
Japanese power system (Asano and Okada. 1996). and
Tsukamoto ( 1996} addressed the allocation of transmis-
sion loss costs among line users.

The present study proposes a 2-part tanff for transmis-
sion services (o realize both the full cost recovery of
transmission facilities and the system efficiency of total
power suppiy. The following section deals with capacity
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cost allocation and the next secuon does with operating
cost allocation.

At present. the Japanese wheeling svstem notices only
real power (MW transactions). and all regional power
companies are given the responsibility of transmission
operation and planning. In the future. however. ancillary
services for reliable operation should be defined also in
Japan. which is discussed in a later section.

Further. although some utilities foresee possible
overloading in lower voltage (e.g. 66 kV. 77 kV)
transmission lines where IPPs interconnect. congestion
management for trunk transmission lines is not a big
issue for Japanese utilities owing to the relatively small
share of IPPs. We. therefore. do not discuss congestion
costs in this paper. '

Allocation of transmission capacir: cosis

The present transmission prices in Japan fail to give
appropriate geographical signals for generators’ invest-
ment decisions {Objective 2). According to load flow
calculations. flat transmission charges do not reflect
actual load flow. Cenainly, most of the IPPs winning
contracts from Tokyo EPCo took advantage of demand
site proximity (0.3 yen/kWh). However, 2 zones are not
enough to reflect locational cost differentials. According
to our proposed cost allocation rule. at least 4 zones are
necessary to reflect transmission cost differentials and
improvement of utilization rate of transmission loading.
We propose a method of calculating regional transmis-
sion capacity cost based on the interconnection of IPPs,
to reflect the proximity of the demand site and 1o allocate
transmission capacity cost. In our model, economic load
dispatching (ELD) and power flow calculation are
integrated to evaluate regional transmission cost. First. in
the ELD process. the total output of a utility's generators
and IPPs are determined by the law of equal incremental
fuel cost under the total system load demand. Then, with
the allocated demand quantity and the generator output
of each node included in the calculation. the power flow
(also called the base flow) of each transmission line is
obtained by flow calculation (using the direct current
method). In this case, the capacity of each transmission
line is an optimum value in which the operational control
factor is considered and heat capacity is calculated
duning heavy flow periods such as peak summer months.
From this. changes in the annual cost of transmission
caused by the incremental flow at IPP interconnection
points are calculated. Although the charging system of
the Britain National Grid Company uses the incremental
capacity averaged across the whole power system, we
have improved the method to include both oid and new
individual transmission lines. Therefore. our pricing
method would signal the need for investment in the
transmission system (Objective 3). Finally, the transmis-
sion capacity cost and price are estimated by the




proposed allocation rule that reflects the proximity of the
drmand sitc and the improvement of the reserve margin
in the network,

The proposed olfocarion rule. We propese 2 modified
usage method that allocates transrussion cost for each
facifity based on the percent of power flow. We divide
cost allocation inie 2 componenis:

R=F.+F, (1}

Ry= T c%ﬁ% for f;0 (2)
Ry=0 for f=0

.:R;F oy C,%m f—i'-l‘F {3

where ® allocated cost to IPP. - annwal cost of cirewit
i. fo i-circuit fiow cavsed by [PP {incremental power
Aow), K: i-cirenit capacity,

R, 15 related o the circuit capacity that is actually
being used. called ‘base capaciry. The allocation
criterion 15 similar 1o thar for the usage method. changing
the circuit cost to the cost of the hase capaciry, iy is
related to the difference K -f. called -additenal
capacity.” The allocatton critérion 15 similar (o thay for
the usaze method. changing the circuit cast to the cost of
the additional capacicy.

The resules of case studies show that our proposed
methad can be applicd 0 the quantification of factors
uorebared to cost such as demand side proxmuty when
purchasing from IPP:. Zonal prices for an IPP with a
T0% annaal utifizaton e are = 027 ven/kWh for Zane
[ .07 venkWh tor Zane 11, 0.19 yenkWh tor Zone 111,
and 037 vewkWh lor Zone [V, Zone T s the area in
whnch demand most exceeds service, while Zone [V has
many generatos. This zoning camesponds to actual load
flows a1 peak mes and the age of gach rransmission line
We confirmed that our proposed method 15 feasible Tor
actual implementation (Objective €1

Alloceiten of vperatimp cost

The operating cost for wheehoo transachions is com-
posed of the transmusson |oss recovery and the ancillary
services cusl, The mansmussion loss. allocution mecha-
nism could be comsideced as one of the ancillary servaces
for power svstems operauon, because it is highiy related
1 second-byv-second rehable power syswems oporation
However. we deal with ransmission loss allocaton as o
wparite caregory from ancillary services

Transeussion foxy alincalon

A comeact for wholesale wheehae o fapan s am
exlremely long-erm prospect. Theretore. one possihle
methadd for rransmission loss allocauon s hased on the

Trizmsrsedon arcinge i Juie

average energy loss of 2 given year However. there are
probiems with the use of the average enerzy oss methad.
First, econamic efficiency 15 not guaraniged, beoause luss
responsibdlity for each transaction is fixed. regardless of
the power systemn condition. Second. this method San nol
coatribute to the freguency regulation for a supeds ared
Third, there is a cross-subsidy of loss responsibility
between economical and uneconomical ANSACTIONS.

For mare efficient dispaich of genertion resources
including captive generators and 1PPs. the short-term
cperaticnal perspective is desirable. In particular F
point-io-point transacnons such as sell-wheeiing (wheel-
ing services for purpose of seli-consumpnon by 3
non-utility) were inigoduced inlo the elecuicity supply
svitem, the short-lerm operation for less allocation
would be indispensable o guaranice Lhe improvement of
systemn efficiency. We propose that the incremental or
marginal loss method be applieg o aliccale a transmis-
sion nerwork loss. [t should be an opumal signal for the
efficient dispateh of several generation resources [Obyee-
tive 1.

It is, however. very controversial as o whether o nol
poiRl-lo-point Iransactions such as self-wheeling should
be meated as comparable services to the native load. In
the case where self-wheeling is treated as 3 non-
discriminatory Tansmission service against the natve
load, the marginal loss methed is 2 compromised one,
This method allocates hour-by-hout IrAREMISFHON SYSIEm
losses among transmission customers. According to this
methed, all oensmission customers are confroned with
the same responsibilities of transmission sysiem loss.
imespective of the tansaction characeetisacs. 1n addition
1 the above, the advantage of this method is that the
allocated |oss is increased in heavy load periods and
decreased in Hght load perods (Objectives 1. 3. and 6).
The main disadvanizge of a muarpinal loss method is that
an upeconomical (ransaction which causes a high system
loss has the same responsibility as an ecomomical
transaction which causes a low system loss. A nodal
pricing approach 15 indispensable in resplving Lhis
problem {Objective 2. Utilities in Japan. however,
recognize Lhat this approach requires further economical
and wehnical discusson.

On the other hand, there i an alemanye that deals
with sell.wheeling a5 2 discriminatary service against the
nanve load, because wtiiites have a legal obligation to
suppty the native load. This vicw requires what the
incremental 10ss by self-wheeling transactions should be
compensated by the self-wheeling users themselves. The
mmcremental 1085 methed is appopnate for this aler.
native, Linder this method. transactions which reduce the
systerm Moss are imposed with Lhe negalive responsibility;
therefore. the advaniage of this method 15 that §ois
strongly Lransaclion specific. and thus could be an
economuc signal o mprove the total efficiency with
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respect 10 time and location (Objective | and 2). The
unresolved problem of the incremental loss method is
how to allocate the incremental loss caused by seif-
wheelings to each transaction. Tsukamoto and Ivoda
{1996) have applied cooperative game theory to this kind
of cost allocation problem.

Ancillary services. Generally, utilities in Japan do not
develop a set of ancillary services with regard to a power
system’s reliable operation such as voltage control,
frequency regulation. energy imbalance, operational
reserve, and so forth. The reason why is that a contract
for wholesale wheeling in Japan takes an extremely long-
lerm perspective, as was mentioned before. Utilities,
therefore, offer the service cost for reliable power system
operation from this long-term perspective. For example,
one utility evaluates the function of load frequency
control (LFC) of IPPs as a pricing element (0.2 yen/
kWh), although it is calculated by just extracting a fixed
value from the bid price. It might be possible that it is
recognized as a kind of ancillary service.

In the meantime. as the number of market players such
as {PPs. special supply and self wheeling entities is going
o be increased, the detajled definition of each ancillary
service will be required not only to improve the system
efficiency but also to elude the price distortion with
sausfying a reliability criterion of the entire control area
{Objective 1 and 2). Especially, the reliability criterion of
the power system in Japan is at extremely high leveis,
compared to other countries. Therefore, it is important to
develop the sophisticated ancillary services mechanism
in order to keep the present reliability level without cross
subsidy among entities. Firstly, it is desirable that
ancillary services should be divided into 2 kinds of
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categories. which are provided by generating equipment

and transmission system. And then, the cost of ancillan’
services affiliated with the transmission svstem should be
impartially distibuted among (ransmission customers

(Objectives 3 and 4). Further. the dealing mechanism

should be introduced with regard to ancillanv services

provided by generating equipment. We particularh

propose that the correct incentives should be buiit in the

price mechanism for anciilarv services (Objective |1

This however, depends on further research and analvsis

of the individual elements of ancillary services.

We propose a 2-pant type tarff for transmission
services in this paper. It should be noticed. however, that
the coexistence of the long-tlerm and short-term per-
spective could cause economic distortions. Although it is
an unresolved problem in our proposal, a possibie
resolution might be that the allocation of capacity cost is
charged on a long-term basis so as not to discourage the
economic dispatch of generators. The detailed analysis of
this probiem is for the further research.
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