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Abstract—This study aims to propose three evaluation methods to
evaluate the Tokyo Cap and Trade Program when emissions trading is
performed virtually among enterprises, focusing on carbon dioxide
(CO,), which isthe only emitted greenhouse gas that tends to increase.
The first method clarifies the optimum reduction rate for the highest
cost benefit, the second discusses emissions trading among enterprises
through market trading, and the third verifies long-term emissions
trading during the term of the plan (2010-2019), checking the vaidity
of emissions trading partly using Geographic Information Systems
(GIS). The findings of this study can be summarized in the following
three points.

1. Sincethetotal cost benefit isthe greatest at a 44% reduction rate, it
is possible to set it more highly than that of the Tokyo Cap and
Trade Program to get more total cost benefit.

2. At a 44% reduction rate, among 320 enterprises, 8 purchasing
enterprises and 245 sales enterprises gain profits from emissions
trading, and 67 enterprises perform voluntary reduction without
conducting emissions trading. Therefore, to further promote
emissions trading, it is necessary to increase the sales volumes of
emissions trading in addition to sales enterprises by increasing the
number of purchasing enterprises.

3. Compared to short-term emissionstrading, there are few enterprises
which benefit in each year through the long-term emissions trading
of the Tokyo Cap and Trade Program. Only 81 enterprises at the
most can gain profitsfrom emissionstrading in FY 2019. Therefore,
by setting the reduction rate more highly, it is necessary to increase
the number of enterprises that participate in emissions trading and
benefit from the restraint of CO, emissions.

Keywords—Emissions Trading, Tokyo Cap and Trade Program,
Carbon Dioxide (CO,), Globa Warming, Geographic Information
Systems (GIS)

I. INTRODUCTION

A. Background and Purpose of Sudy

LOBAL warming has become a serious international issue

and measures to reduce greenhouse gases have been
implemented on a global scale according to the World Summit
1992 Framework Convention on Climate Change and the 1998
Kyoto Protocal. In thiskind of international situation, there has
been focus on Emissions Trading Programs which are systems
that make it possible to implement a strategic reduction of
greenhouse gases from both environmental and economic
standpoints. Carbon dioxide (CO,) Emissions Trading
Programs commenced in the UK in 2002 and in the EU in 2005
and, in addition to the voluntary Chicago Climate Exchange
which started in 2003 in the US, implementation at local and
state levelsis also being planned.
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Tokyo, which has a remarkably high consumption of energy
in Japan, made it compulsory for large-scale enterprises to
reducetotal greenhouse gas emissionsfrom FY 2010 in addition
to implementing an Emissions Trading Program and methods
that allow enterprises to efficiently trade emissions are being
investigated. Therefore, this study aims to propose three
evaluation methods to evaluate the Tokyo Cap and Trade
Program when emissions trading is performed virtually among
enterprises, focusing Carbon Dioxide (CO,), which is the only
emitted greenhouse gas that tends to increase. Onishi et a.
(2010) [1] point out that 95% of Tokyo's greenhouse gas
emissions is CO, originating from energy and that it is difficult
to accurately grasp emission amounts for other gases.

B. Previous Sudies and the Position of this Study

Previous studies in related fields can be divided into 4
categories. (1) those on the characteristics of emissions trading
such as Kimura (2002) [2] and Otani (2005) [3], (2) those onthe
impacts and challenges of emissions trading such as L ee (1998)
[4], Wakabayashi et al. (2005) [5] and Niizawa (2009) [6], (3)
those on emissions rights and emissions trading system design
such asMorotomi et al. (2006) [7], Saijo (2007) [8], Ogataet a.
(2007) [9] and Morotomi et al. (2010) [10], and (4) those on
evaluation of emissions rights and emissions trading programs
such as Hanada et al. (2008) [11], Luo et a. (2007) [12], Luo
(2009) [13] and Wakabayashi (2011) [14].

This study comes under the 4th category of studies that
evaluate emissions rights and emissions trading programs. In
thisfield, Hanada et a. (2008) [11], Luo et al. (2007) [12] and
Luo (2009) [13] only go as far as evaluating emissions rights
trading by region or city and do not eval uate specific emissions
trading by enterprise. Further, Wakabayashi et al. (2011) [14]
discusses a comparison of the Tokyo Cap and Trade Program
with thosein the US and Europe but does not evaluate emissions
trading in a quantitative manner. Therefore, this study
demonstrates the originality and usefulness in the evaluation of
the Tokyo Cap and Trade Program with more detailed
evaluation by enterprise than the above-mentioned previous
studies as target units, proposing a quantitative evaluation
method partly using Geographic Information Systems (GIS)™.

[1. OUTLINE OF CASE FOR EVALUATION AND EVALUATION
FRAMEWORK

A. Outline of Case for Evaluation

The Planning System for Measures against Global Warming
was implemented for large-scale enterprises in Tokyo in FY
2002, and voluntary and well-planned measures have been
sought from businesses. In 2008, due to the revision of the
Ordinance on Environmental Preservation, mandatory total
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greenhouse gas emissions reduction and an emidsaiisg
program are implemented, and the Emissions Tradingram
for large-scale enterprises commenced in FY 201Bérsame
way as the above-mentioned previous program.

The Tokyo Cap and Trade Program is the first ewmissi
trading program to be implemented in Japan, aislthe first
urban emissions trading program in the world tgearoffice
buildings, etc. In order to reduce the FY 2000 lgreenhouse
gas emissions by 25% by FY 2020, it has been maahelatory
for approximately 1,300 enterprises who are higlergyn
consumers (enterprises that use volumes of fuedt hed
electricity with a crude oil equivalent of 1,500t more) to
reduce greenhouse gases. As shown in Fig. 1, #mepariod is
from FY 2010 to FY 2019 and reduction goals arer 8%
reduction in the firsperiod of the pla® and approximately
17% reduction in the second period of the plane(dast) for
CO, emissions that are standard for each enterprisadatd
emissions).

Base First Period of the Second Period of the py
Year |Plan(FY 2010-2014] |Plan(FY 2015-2019) 2020
.

——

Reduction of average
of 6% in 5 years

Reduction of
average of 17% in
5 years (forecast

Fig. 1 Setting of Mandatory Reduction rates inTl&yo Cap and
Trade Program
Based on information from the Tokyo Metropolitanv@mment
Environmental Bureau (2009) [15]

B. Evaluation Framework

This study proposes and assesses evaluation metirods
emissions trading that focuses on cost-benefit,ef@)ssions
trading through inter-enterprise market tradinghods and (3)
long-term emissions trading. (1) and (2) are elailfor
evaluation as yearly short-term emissions tradihyg.the
evaluation of (1), optimum reduction rates are destrated by
deriving the maximum total benefits that entergisan gain
from emissions trading, and there is focus on miamga
reduction rates set by the Tokyo Cap and TraderBrogn the
evaluation of (2), based on the results of theuatain of (1),
emissions trading is evaluated through inter-emisgpmarket
trading methods that are mediated by the Climath&mxge in
the above-mentioned program. In the evaluatio@pt{ased on
the results of yearly short-term emissions tradimgl) and (2)
and using GIS, long-term emissions trading in thenped
period for the Tokyo Cap and Trade program is etai
focusing on mandatory reduction rates. Specificaidguction
goals set by the program are investigated by deyibienefits
obtained from emissions trading each year.

2517-9950
No:5, 2012

I1l.  EVALUATION METHOD

A. Emissions Trading focusing on Cost-Benefit

First of all, if the total number of enterprisestmapating in
emissions trading is X, standard emissions thatrerstandard

for each enterprise iai (i =220mX), emissions that are the

goals for standard emissions (emissions goals)qi*isand
emissions that minimize reduction costs for allegptises
(optimum emissions) i%); . Next, benefitr; gained through
emissions trading is calculated by assuming emissiice as
P

X

MAC, (MAC, = 1/ basic carbon dioxide emissions unit in
this study). In the case dAIAC, > P, the enterprise is a

and the marginal abatement cost for each entergss

purchasing enterprise and in the caseMAC, <P, the
enterprise is a sales enterprise. Fig. 2 showshpsicg and
sales enterprise’s standard emissi@,nsemissions goaqu
and optimum emissiong; on the horizontal axis, and emissions

pricesP, and marginal abatement cod4AC, on the vertical

axis.

Marginal abatement costs require diverse detaitgd ftom
each enterprise to make strictly accurate derimatand as it is
very difficult to obtain this, the marginal abatemheost curve in
Fig. 3 is consulted, then a marginal abatementscostve is
created with line segments of standard emissiodsaarginal
abatement cost values, and a marginal abatementuwo® is
derived for each enterprise. In addition, margiabatement
costs for all enterprises are put in order fromhhig low and
given numbers from enterprise 1 to enterprise Xrditel

abatement costs for each enterpi¢eAC, are put in order
from the highest and emissions price estimatesalceilated.
P.=MAC (x=i=12,...,X)

In the calculation method for estimates, if theatiehship
between emissions price and emissions trading sxees, is

demonstrated and for a certddy if

X X

(Z g - qu) increases, and approaches 0, it becomes
i=1 i=1

X X .

Per,=> ¢ -2 q 0O

i=1 i=1
and in this wayP, is emissions pricP .

Further, reduction goal rates are set at 1-50% and
cost-benefit for each enterprise is calculated @afing to the
flow chart in Fig. 4. The specific calculation meth first
calculates benefitt; for the purchasing enterprise. In the
process for purchasing enterprises to purchasesemss the
enterprise itself can reduce anything from staneéanissions to
optimum emissions and can purchase the remainings&Emns
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that are lacking from optimum emissions to emissigaoals. If
emissions trading (in the case of direct regulatnsgruments)
is not conducted, reduction costs become the afetheo

multiplication of marginal abatement costMAC,
and(q, -q), in other wordsMAGC, (g, —¢). In the case of | MACi
conducting emissions trading, reduction costs bectm sum
of the cost of emissions reductiddAC, (g; —¢;) and the cost
of emissions purchasing (g, —q ) . BenefillT; is the cost P

difference between direct regulatory instruments @missions
trading, and can be expressed as

m,(g) = MAC (g, - ') -{MAC, (g, - ) + P.(¢ - ¢ )}
=MAC, (g, -q;) - P.(a - q)

=(q - ¢ )(MAC, -P,) < Sales Enterprises

Next the benefit; for sales enterprises is calculated. In the
process for sales enterprises to sell emissioagriterprise can
reduce anything from standard emissions to optiramissions
by itself, and can sell the remaining emissions &@ina in excess

< Purchasing Enterprise

Marginal Abatement Costs
Emissions Price

B

*

q q, q_I Emissions

Marginal Abatement Costs
Emissions Price

from optimum emissions to emissions goals. In Heeof direct P
regulatory instruments, reduction costs becomeatba of the TT
multiplication of marginal abatement costMAC, MACi |-
and(ai _Qi*), in other wordsMAC, (ai —qi*). In the case of \
emissions trading, reduction costs are calculayesubtracting e
profit from sales emissionB, (g, — ¢, ) from costs incurred by g, q q; Emissions
reduction of excess emissioMAC, (g; — ¢;) . Benefitt; is the Fig. 2 Emissions Trading Bengfits for Purchasind Sales
difference in costs incurred from direct regulatoergtruments Enterprises
and costs from conducting emissions trading, and ba
expressed as PriceT Emissions

— . — . MAC Allowance

m(q) = MAC(q, —q) ~{MAC(q, - q) - R(q -q)}
Consumer

= (qi* -g)(P, —MAC))
Therefore, total benefit for purchasing enterpriaed sales
enterprises is the sum of the apexes with the shaqge, and can  Emissiong

Surplus  Marginal Abatement Costs
(MAC) Curve

Equilibrium Point

be expressed as Price P
Government -
X X % Emissions Elnr:fjsol?tns
D)= (a ~a;)(P ~MAC) Transferincome | 00T,
i=1 i=1 Self-reduction Costs
Further, we set co_nditions for purqhasing .enteqsr_iﬂ;o Alocated | _Emesons | Self-reduction >
conduct trading only if they can obtain benefits tgding Emissions Amount Amtﬂ:m
. . oy .. eduction goa
emissions. We also set conditions at sales ensesprivith real | Amount ]
weighting conducted with reference to past emissimnthat | Emissions ~ )

Fig. 3 Marginal abatement cost curve

Based on information from the Research InstitutEanomy, Trade and
Industry (2002) [16]
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Past Emissions Statup

Emissions Trading Benefit:

Reduction Goal Rate Maximization Model
(1-50%)

Distribution of
Emissions Allowance
to Each Enterprise

Cost-Benefit
Analysis

Enterprises that Derivation of \
do nottrade Emissions Price

Purchasing Selling
Enterprise Enterprise
Achievement 0
Purchase
Emissions

Goal Function

Cells that change
XCess

Demand for
issi

Negative|
Value

0

Positive
Value

Maximization of
Total Benefits for
All Enterprise;

Investigation o
Maximum Benefits
for Reduction Rate

Fig. 4 Flow Chart of Calculation Methods for Cosrigfit for Each

Enterprise
Based on information from Luo (2009) [13]

Emissions Trading Market
i Seller
| Product Reglstrat|0n|<AppfoaCh | -

-

Iwant to sell
emissions
rights

f I have received: |

Purchaser

| want to
purchase
emissions

Product Listing

i apurchase

Onceyou have

Approach checked the

Once you have checke:
the emissions, please
send the money.

& ewl‘SS.IOHS
Confirmation of F missiong
[peEE (@) Emissions/Cash A T V
(Approach(1) RRIOACh(D) ] way
-,
Emission @
/‘ issi /= Cash
Approach (2) Exchange of Emissions/Cash|
XN (Approach (2)) Approach (2)
';L"h'z'a'\?'é'c'hecféiii i,
o sendmy & TREVE Shecked
them now.~ § Trade Complete themoneyso I
3 am sendingit £
now. H

Fig. 5 Trading Flow in Climate Exchange
Based on information from the Ministry of the Emriment (2009) [17] and
the Japan Climate Exchange (2010) [18]

more emissions are sold by those enterprises eshdtandard

emissions and more benefits can be obtained by. thhrough

these settings it is expected that incentivesdage emissions,

in particular in sales enterprises, will work.

B. Emissions Trading through Inter-enterprise Market
Trading Methods

Under the Tokyo Cap and Trade Program, emissi@kniy
among enterprises is conducted on the internetviéimate
exchange as shown in Fig. 5 and an evaluation basetiis
flow is conducted. Market trading makes the purehasd sale
of emissions possible through the payment of alffee. As the
configuration of transactions such as pricing, lsetent and
guarantee of performance is standardized, it isiptesto keep
prices down. In the evaluation of market tradingthmds,
approach (1) is the result of checking emissiords @ash with
the climate exchange for purchasers and selleemigsions,
and approach (2) is the result of the delivery eeckipt of
emissions and cash from the climate exchange.

In addition, optimum reduction rates demonstratedrissions
trading evaluation results as proposed in lll-A fiogus on the
cost-benefit are set as reduction rate goals, aathation of
emissions trading among enterprises based on theealh
inter-enterprise trading results is conducted.

Base Map Organization of Data
Value Map 25000 (Tokyo Organize attribute data from each
Metropolitan Government) enterprise obtained with the Planning

System for Measures against Global
Warming ina CSV file

~~

Address Matching
Using the CSV Matching Service,
coordinate values for addresses are
calculated and added to attribute data frgm
each enterprise

Overlay @

Display border fines and : :
R LEICE IES EL <:: Creation of enterprise Data

representative points for Tokyo - : -
administrative districts (longitude/latitude data, attribute data)

~

Construct database of each enterprise in Toklyo
using a digital map
Fig. 6 Database Construction Flow Chart

Shape File Conversion

Using the Base Map Informatio

Viewer, convert obtained JPXML
data to shape file data

C. Long-term Emissions Trading

Based on yearly short-term emissions trading evaloa
results as proposed in IlI-A and B, evaluation afd-term
emissions trading using GIS in the plan period ketwFY
2010 and FY 2019 is conducted focusing on the cdsopy
reduction rates of the Tokyo Cap and Trade Prog@sishown
in Fig. 1. The first period of the plan, as it Bagduction goal of
6% in comparison to the base year (FY 2000) by BY42for
standard emissions, is set to have yearly averagés?2%
reduction in FY 2010, 2.4% reduction in FY 2011 iving
reduction rates of 6% in FY 2014. The second pevidte plan
also, on top of setting yearly reduction rateshia same way,
evaluates focusing on compulsory reduction ratéwern FY
2010 and FY 2019 based on yearly trading results.

D. Collection and Processing of Data Used

As information in the Tokyo Cap and Trade Programait, at
the present time, in the public domain, attribusgadfor each
enterprise (address, type of business, standarssiems, CQ
emissions, etc.) is obtained from FY 2005-2008rmétion in
the previous Planning System for Measures agairgbab
Warmind®. Further, basic carbon dioxide units from each
division of enterprises are obtained from the EniddEnergy
and Emission Intensity Data for Japan using InputpOt
Tables (3EID): FY 2005 tableB (version$® published by the
National Institute for Environmental Studies.

In (1) emissions trading focusing on cost-benefit 42)
emissions trading through inter-enterprise marketding
methods, as the date of the standard emissions &aoh
enterprise, we use the one derived from the averbgmissions
in the 3 years before the Planning System for Messagainst
Global Warming. In (3) long-term emissions trad@wgluation,
FY 2008 standard emissions data for each enterpsse
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substituted and a database using GIS digital nsapsrnistructed
according to the flow chart in Fig. 6. Further,addition to
evaluation of emissions trading, a visualization taiding
results among enterprises is shown on the maps.

IV. EVALUATION OF EMISSIONSTRADING FOCUSING ON
COST-BENEFIT

Table | organizes FY 2005-2008 yearly maximum totesits
and benefits and reduction rates at maximum togaefits,
when enterprises participating in the Tokyo Cap dndde
Program make virtual emissions trades using theutztion
method described in IlI-A, and when emissions tigds not
conducted (in the case of direct regulatory insents). From
this table, we can see that the optimum reductiaie mat
maximum total benefit is 44% over 3 years. Furthara
comparison of total benefit in the case of the TmwEmissions
Trading Program compulsory reduction rate andahdd%, as
a difference of approximately 10 times each yeabserved, it
is clear that it is possible to obtain even gretat benefits by
setting the reduction rate at a level higher thzet ©f the
above-mentioned program.

However, it is considered to be difficult for ergases that
have the same value for their own marginal abatemest as
for emissions price and purchasing enterprises tiaanot
obtain benefits from purchasing emissions to aehieduction
goals, and they conduct voluntary reductions rattfeen trading
emissions. Further, it is evident that the secorghtgst total
benefit is when reduction rates are 33% per yedrthat the
difference with 44% is not so great. If we considaterprises
that reduce emissions only by voluntary reductidn,is
necessary to set reduction rate goals low at,Xample, 33%
and to investigate how to obtain high total beraditan easing
measure.

V. EVALUATION OF EMISSIONSTRADING THROUGH
INTER-ENTERPRISEMARKET TRADING METHODS

Based on the evaluation results of 320 enterpiise¥ 2008
in the previous section, reduction rate goals &k a an
optimum reduction rate of 44% which is the maximtotal
benefit obtained through emissions trading and-eteerprise
market trading methods are evaluated. Fig. 7 aadch show
trading results based on the above settings fochasing

This is because this study is set up so that tledlenstandard
emissions are, the more emissions sales enterpgasesell and
as large-scale enterprises and enterprises that arhigh
amount of CQ (container companies, etc.) are located in the
Tama area, there is less emissions trading. Medawav
enterprises either have the same values for marafozaement
costs and emissions prices or they cannot obtanefite by
conducting emissions trading even if they are aclmsing
enterprise. Therefore they conduct voluntary reduastrather
than emissions trading and it is considered to iffewt for
them to achieve reduction goals.

In addition, in order to further advance emissitvading, it is
necessary to increase the number of purchasingpeistes.

TABLE |
MAXIMUM TOTAL COSTSAND BENEFITS REDUCTION RATE AT MAXIMUM

TOTAL BENEFITPER YEAR (FY 2005-2008)
FY Year 2005 2006 2007
Number of Participating Enterprises 264 292 309
Total Cost If No Emissions Trading
(Direct Regulatory Instruments)
(Milion Yen/Year)
Total Cost of Emissions Trading
(Milion Yen/Year)
Total Cost of Emissions Trading
(Milion Yen/Year)
Reduction Rate at Maximum Total
Benefit (%)

2008
320

114,697. 1,207,790[0 117,431.2 115,683.5

119,275. 125,471)0 121,891.0 120,043.8

4,578. 4,692.0 4,459,8 4,340.3

44 45 44 44

Purchase Volume (t) Purchase Amount (Milion Yen)

1,800 140
1,600 +—{ ™= Purchase Volume (t) 120
1,400 +—{ — Purchase Amount (Milion Yen
100
1,200
1,000 80
800 60
600
40
400
200 20
0 0

Enterprise Number

Fig. 7 Purchase Volume/Amount of Purchasing EnteepFY 2008)
Note: Enterprise numbers are allocated in ordengfsions trading from
lowest to highest

Sales Volume (t) Sales Amount (Milion Yen)

enterprise approaches (1) and (2) and sales eiserpt g0 14

approaches (1) and (2) shown in Fig. 5. From tfigsees, we
can see that benefits are obtained by 253 outtofah of 320
enterprises through the trading of emissions.

Among the 8 purchasing enterprises shown in Figonfy
specified enterprises have both high purchase welamd
amounts compared to other enterprises. This isusecthese
enterprises have higher marginal abatement coats dkhers
and they can obtain greater benefits by purchdsgigvolumes
of emissions. Further, if we investigate in detad location of
sales enterprises as shown in Fig. 8, 165 of d tit245
enterprises are located within the 23 special wands80 are in
the Tama area so there are more within the 23 @psards. In
addition, trading is high in the 23 special wards & trend of
low trading is observed in the Tama area.

160 || ™= Sales Volume (t) L 12
140 +— — Sales Amount (Milion Yen)
10
120
100 8
/
80 " L6
60 i
un-f'-’- r4
40 =
20 DB A 2
0 0

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73
Enterprise Number
Fig. 8 Sales Volume/Amount of Sales Enterprise p008)

Note: Enterprise numbers are allocated in ordengfsions trading from
lowest to highest
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Because if there are few purchasing enterprisess, itot
possible to increase trading or the emissionsdtatavailable
for sale from sales enterprises. Further, sinceshidy has set
up conditions so that benefits can be obtained urghasing
emissions if purchasing enterprises have highergimalr
abatement costs than emissions prices, as thigreliite
becomes greater, it is possible to increase emisgiading as
well as purchasing enterprise’s purchase volumevever, as
sales enterprises aim to minimize marginal abatémests in
order to further increase benefits but emissiors ttan be
purchased by purchasing enterprises do not decréase
possible that the dilemma in which incentives taimize
marginal abatement costs stop working may occur.

VI. EVALUATION OF LONG-TERM EMISSIONSTRADING

A. Evaluation of Emissions Trading

This section evaluates the Tokyo Cap and Trader&nog
planned period from FY 2010 to FY 2019 long-termissions
trading using GIS for the 320 enterprises from 0O based
on the yearly short-term emissions trading evabmatesults in
Sections IV and V. Fig. 9 organizes the numberwtpasing
and sales enterprises and total emissions tradingdch year.
Between FY 2010 and FY 2012, as there are no psira
enterprises that can obtain benefits even thougy plurchase
emissions, trading will fall through and total tiaglis set to 0.

In FY 2013, 2 purchasing enterprises finally coroevard
and after that they increase as reduction ratagase. With
this, the same trends in sales enterprises and @ptgsions
trading are observed. Further, in FY 2016, the remab sales
enterprises increases rapidly. The marginal abateouwst for
each enterprise is calculated as 1/basic carbonxiddio
emissions unit as stated in IlI-A and thereforeuatihns costs
are 70,000 yen for many enterprises while emisgiwites are
70,000 yen in FY 2015 and 80,000 yen in FY 201&dieg all
of these enterprises to become sales enterprisagatin FY
2016. As a result, the above-mentioned sharp iser@a the
number of sales enterprises occurs. Fig. 10 shiogvstart year
(FY 2013) and the end year (FY 2019) for approa¢hgsind
(2) for both purchasing and sales enterprises dog-+term
emissions trading. Fig. 11 and 12, which are exampf these
trading results, are a map visualization of tradimgults
(purchasing enterprise approach (1) and sales peiger
approach (2) as shown in Fig. 5) for FY 2019 whgthe end
year of the Tokyo Cap and Trade Program. From Hig.we
can see that purchasing enterprises are incregeargon year
but even so, there are few in comparison to salesgrises and,
as well as there being a large difference betwaschase
volume in enterprises, only specified enterprise&io great
benefits. In this way enterprises, once they haeeoime
purchasing enterprises, have no reduction in tHenwe of
emissions they can purchase, even if the numbpuhasing
enterprises increases year on year. This is becatisgugh
reduction rates and total emissions trading aree@ging each
year, there is no more than a limited increaséénntumber of
purchasing enterprises, and because new purchersiaprises
have smaller marginal abatement costs in compartson
purchasing enterprises up until that point. Howetreough the

year on year increase in number of sales entegptise volume
of emissions that each enterprise can sell redutki is
because, in this study, settings are made sottbatraller the
standard emissions are, the more emissions sdkypeases can
sell therefore, when new sales enterprises malgppearance,
emissions that can be sold by enterprises withetastandard
emissions than these new sales enterprises decfeasthis
reason, even if there is long-term trading, it écessary to
consider the dilemma caused by the situation inchvisales
enterprises aim to minimize marginal abatementsgdsit, on
the other hand, incentives to minimize marginateivent costs
for purchasing enterprises no longer work. On tbfaving
lower emissions prices than marginal abatemensctiet lower
reduction costs are, the greater the benefits cdineng a sales
enterprise are; sales enterprises between FY 20484 2015
have extremely low marginal abatement costs in @ispn to
other enterprises. Further, in FY 2016, even thahgmumber
of sales enterprises increases dramatically, irerotd sell
emissions, it is necessary for sales enterprisemie their own
reduction costs lower than other enterprises. lkiereason, the
Tokyo Cap and Trade Program does not consider the
minimization of marginal abatement costs. Howevby,
considering this aspect year on year, it is posdiblexpect the
actual minimization of marginal abatement costs.

B. Comparison with Short-term Emissions Trading

As shown in Fig. 9, in long-term trading in therpied period
of the Tokyo Cap and Trade Program, as well asalye
increase in the number of purchasing enterprisegetis an
increase in total trading volume in addition to thember of
sales enterprises, but we can see that this irersaower
compared to that of the yearly short-term emissioading
among enterprises as described in Section V. Ruyitlyesetting
a high reduction rate of 44% in short-term tradihgs possible
for 253 out of 320 enterprises to obtain benefiigt in
long-term trading the highest number of enterprisesbtain
benefits in FY 2019 is 81. Consequently, taking the
effectiveness of emissions trading in order to @nCO,
emissions into account, the Tokyo Cap and Tradgraro's
reduction rate needs to be set even higher asch#éessary to
make it possible for even more participating eniegs to
obtain benefits in the future.

NumberofEnterprises Volumeof Trading (t)

80 3,000

wms Numberof Purchaing Enterprise

70
BB Numberof Sales Enterprises

wfy= TotalTrading (1)

2,500

60

2,000

50

40

1,500

30

20

10

2010

2011 2012 2013 2014 2015

FY Year

2016 2017 2018 2019

Fig. 9 Yearly Numbers of Purchasing/Sales Enteegrigotal
Emissions
Trading Volume (FY 2010-2019)
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Purchase Volume (t) Purchase Amount (Milion Yen) Sales Volume (t) Sales Amount (Million Yen)
300 20 90
mmm Purchase Volume (t) 18 mmmm Sales Volume (t) 6
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Fig. 10 Emissions Trading Results (FY 2013/FY2019)
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CONCLUSIONS ANDFUTURE RESEARCHCHALLENGES

The findings of this study can be summarized in thelll
following three points.

In the evaluation of emissions trading that &aon

cost-benefit, since the total cost benefit is theatest at a

44% reduction rate, there is the possibility to isehore
highly than that of the Tokyo Cap and trade Programget
more total cost benefit.

In the evaluation of emissions trading accorditay
inter-enterprise  market trading methods,
enterprises, 8 purchase enterprises and 245 saprses
gain profits from emissions trading, and 67 enisgw
perform voluntary reduction without conducting esiiss
trading. Therefore, by increasing the number ofchase
enterprises, it is necessary to increase the sdiames of
emission trading in addition to sales enterprisegromote
the emission trading.

From the evaluation of long-term emissions mggdiit is
evident that there are few enterprises which beiregach
year through the long-term emissions trading of th&yo

(2]
(3]

(4

among 320

(5]

(6]

(7]

(8]
El

Cap and Trade Program, comparing short-term emissio [10]

trading. Only 81 enterprises can gain profits fremissions

trading in the most FY 2019.Therefore, by settihg t
reduction rate more highly, it is necessary to éase the

number of enterprises which participate in emissioading
and benefit from the restraint of G@missions.
Further, this study proposed three evaluation nutHor

emissions trading and, if it is possible to obi@ata similar to

this study, we can expect an improvement in eviloat

accuracy through application to other regions ia #patial
aspect and the updating of information in the terapaspect.
Future research challenges include obtaining asrdetailed
information as possible concerning the approxingaleB00
enterprises which participate in the Tokyo Cap dmdde

Program such as marginal abatement costs, coratedtscale

of

)
@

(©)

4)

businesses to conduct more detailed evaluation.

NOTES

This study used ESRI, Inc. ArcGISVer.9.3.1.
According to the Tokyo Metropolitan Government Howmimental

Bureau (2009), standard emissions are, as a gen&ralhe average of

any 3 consecutive years from FY2002-2007 and passible for
enterprises to select whichever 3 years they pre@mmpulsory
reduction rates are 8% in subdivision I-1 (governtredministration
office buildings, office buildings such as commatcifacilities,
accommodation facilities, education facilities, noadl facilities and
local air-conditioning facilities) and 6% in subdion I-2 (office
buildings with energy allocation supplied from adbair-conditioning
facility comprising 20% or more of the total energge for the
enterprise) and enterprises such as factoriesattgahot included in

subdivisions I-1 and 2. In the previous Planningt&m for Measures

against Global Warming, standard emissions arevelgrirom the
average emissions of the 3 years prior to the plan.

Attribute data of each enterprise obtained fromRla@ning System for

Measures against Global Warming: <
http://www6.kankyo.metro.tokyo.jp/tochou_2/WroopA&/200. asp
> Accessed April 9, 2010

Embodied Energy and Emission Intensity Data foradapsing
Input-Output Tables (3EID¥ http://www.cger.nies.go.jp/
publications/report/d031/3eid.httal Accessed April 9, 2010

(11]

(12]

[13]

(14]

(18]

[16]

(17]

(18]
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