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A study on economic measures for
CO; reduction in Japan

Kenji Yamaji, Ryuji Matsuhashi, Yutaka Nagata and Yoichi

Kaya

In this paper, we investigate the costs and effec-
tiveness of two CO, emission control policies: a
CO, tax and a subsidy for CO, reduction.
CRIEPT's medium-term economic forecasting
system is used to analyse the CO; tax policy. It is
concluded that the national cost of CO, reduc-
tion by taxation is prohibitively higk. For the
subsidy we used an integrated approach combin-
ing a bottom up model with CRIEPI’s model.
Although we have shown the usefuiness of the
integrated approach for analysing the subsidy
policy, we need to gather more daia to make the
results more reliable. .

Keywords: CO, 1ax; Subsidy for CO, duction; Ma maic
cast

Climate change caused by the greeahouse effect is
proving a sericus threat (o the sustainable deveiop-
ment of mankind. Since the CO, produced by burn-
ing fossil fuels. is the dominaot scurce of anthro-
pogenic greenhouse gas emissions, world energy
systems neced 1o change significantly to cope with the
problem of climate change. Fossil fuek now supply
almost 90% of world energy requirements and wil]
continue to be principal energy sources for at Jeast
several decades. Control of CO, emission will in-
volve a strong constraint on energy systems and thus
may-have a significant negative impact on economic
activity and the quality of life.

The costs of CO, emission control should be

Kenji Yamaji and Yutaka Nagata are with the Centcal
Reszarch lastitute of Electric Power Industry (CRIEPI)
1-6-1 Otemachi, Chiyoda-ku, Tokyo 100, Japan; Ryuji
Matsuhashi and Yoichi Kaya are with the University of
Tokyo.
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compared with the benefits of emission reduction.
There are, however, muitiple uncertainties in the
sciences on climate change. We do not kuow the
exact relationships between CO, emission and
atrsospheric CO; concentration, CO-» concentration
and temperature rise, temperature rise and sza level
etc. The damage induced by climate change can only
be estimated within a huge range of uncertainty. It is
therefore important for us to remain flexible and to
bear in mind that our objective is not simply to
prevent climate change at whatever cost but to
mitigate climate change and still maintain acceptable
standards of living.

For identifying phased and flexible response
strategies, which consist of policies which involve the
minimw sacrifice, it is important to evaluate the
national economic costs of measures to control COy
emissions. This paper presents 2 study on the effect-
iveness of CO, emission control strategies in Japan.
The analytical framework for the study is an inte-
grated system which combined a modelling approach
developed by the Cenmtral Research Institute of
Electric Power Industry (CRIEPI) and a bottom up

* approach pursued by the University of Tokyo.'

Structural change in Japan’s energy system

Tabtes 1 and 2 show Japan's energy supply—demand
structures in 1974 and 1988. Nuclear power and
natural gas increased their share nine times and six
times respectively during this 15 years; the share of
each in total primary energy supply is now 10%.
Most of the increase in these two cnergy supplies is
used for electricity generation. On the other hand oil
reduced its share from 74% in 1974 to 57% in 1988,
Energy consumption in the residential and commer-
cial and transport scciors increased significantly to
represent about onc-fourth of total energy consump-
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tion in 1988. Energy consumption in the industrial
sectar decreased and its share in total energy con-
sumption was reduced to less than half in 1983.
Figure 1 shows the COxenergy/GNP growth rate
indicators for the period from 1970 to 1983 divided
into three subperiods: 1970-73, 1973-86 and 1986
83. CO, emissions in Japan remained constant dur-
ing the subperiod of high oil prices (1973-86);
however, CO, emissions had increased more rapidly
than the economic growth rate before the first oil
crisis and have again been increasing almost in
paralle! with GNP since 1986. Thus, it would be too
optimistic to extrapolate from the performance
shown in the period of the o) crises to the future.

CO, emission Projections in Japan

Figure 2 and Figure 3 show CRIEPI’s base case
projection of primary energy requirements and
associated CO, emissions to the year 2603. In this
projection, primary energy shares of nuclear pQvwer,
natural gas, coal and oil in 2005 are 15%, 13%, 20%
and 47% respectively; and CO, emission in 2005
increases by about 36% from the level of 1988.

Table 2. Eacry coosemption by sectar (18 kexty.#

1573 - 1983
Indusery 15752 (61) 051 (49)
Residential a0d commercial 4637 (18) 7103 (25)
Transport 456.7 (18) 6936 (29)
Noa-cocrsy me 674 (R R?
v £01.0 (100) 28852 (100)
icty scneratioa 10793
Coaversion loss {1357) Qil refinery 191.0
Town gas et 8.6
Toeal peimary coergy Lrl ]

Notex: * Figures in parentheses are percentages.

The Ministry of International Trade and Industry
(MTTI) of Japan releascd the latest official long-term
cnergy outlook in June 1990. In the MITT's outlook,
primary eaergy shares of nuclear power, natural gas,
coal and oil in 2010 are 17%, 12%, 15.5% and 46%
fespectively, and CO,. emissions are estimated to
increase by 16% in 2000 and by 18% in 2010 from
the level of 1988,

On the other hand, (he Japanese government in
October, 1990 decided on an action programme to
reduce CO, ‘emissions, in which the target for CO,
limitation was stated to be 10 stabilize emissions of
CO,,0n a per capita basis in the year 2000 and
beyond at about the same level as in 1990. Since
there is an estimated 79 increase in CO; emission
from 1988 to 1990 and the Japanese population is
forecast to increase by about 6% from 1990 to 2000,
MITT’s pcojection of CO. is very close 10 the oificial
target stated in the action programme. ?

As shown in Figure 4, while GNP growth js
assumed 2imost the same jn the both Pprojections,
MTTI's projection of €O, emissions is much lower
than CRIEPI's. In MIT]'s energy outicok, utmost
efforts to reduce CO; emissions such as rapid reduc-
tion of energy intensity (—2% pa in terms of primary

" Key B cnp
10.00-
T ecne
8.0 o ) co,re
) .
6.0 A
* g2 1.0
o»
2.0
0.5
°
-2.0)-
-2.8
-a.0
1373/1970 198871573 198371985

Figwee 1. CoyenergyIGNP'gtomh rate indicators during 197-83.
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Figure 2. Primary energy requitement in Japan.

energy requirement per GNP) and maximum pos-
sible nuclear power development (72.5 GWe in
2010) have been already incorporated; thus, CO,
emissions after 2000 are kept nearly coostant at a
level about 16% higher than that of 1983. We adopt
CRIEPT's projection as a base case in the following
sections.

Methods for assessing policy measures to
reduce CO, emission )

There are genmerally speaking (wo types of
approaches. to assessing cconomic impacts of the
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Figure 3. CO, emission in Japan.

measures to reduce CO, emission. One is 2 model
based approach which employs mactoeconomic
models as a key t0ol to evaluate total impacts of the
MEASLres on cnergy Systems and nadonal economy.
The other is a so-called bottom up approach which
identifies individual technical measures and takes
into account individual costs and effects. For the
assessmeot of subsidy policy we apply an integrated
system combining the two approaches, while only
the .model based approach is used for assessing a
CO, tax policy.

2001

150

Percont
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Figure 4. Comparison of CQ, and GNP projcctions.
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CRIEPI's mediurm-term economic forecasting system

As the part of model based approach, we adopted
CRIEPI's medium-term “economic forecasting
system.’ The system consists of four models: 2 world
encrgy model, a medium-term moltisectoral modef,
an interfuel competition model and a nine-region
model.* The system was used to make CRIEPY's
base case CO /energy/GNP projections described in
the previous section. The world energy model and
nine-region model are not used in the assessment of
CO; reduction policies because import energy prices
ace given exogenously and Japan is treated as an
aggregate region in the policy analysis.

The muitisectoral model is an annual macro
input~output linkage model. The model provides
more than 4000 pieces of information such as: GNP
and its beeakdowr; outputs, wage/employmeat,
prices etc of the industries with maximum break-
down of 54 sectors (13 sectors in this study); and
savings and investment by households, enterprises
and governmental sectors. The basic modelling
framework fallows a general equilibrium tradition,
but its equilibrium characteristics are non-Walrasian
lemporary disequilibrium in the sense that the
supply-demand gap, cousidered as a sign of non-
clearing markess, is explicitly introduced and alfects
the sectoral price—quantity adjustmens.’

The interfuel competition mode] determines ener- -

gy demand by type and by sector with the prices of
encrgy consumed and calculates CO, emissions.

126

Major exogencus variables are the Jevels of econo-
mic activity such as output of each industrial sector
and disposable income of households, which are
provided by the multisector modet, and the interna-
tional prices of energy which are determined by the
world energy model. The model consists of two
blocks, the end-use energy block and energy conver-
sion block. The end-use energy block is divided into
15 sectors: 9 manufacturing industries, agricultre,
mining, construction, services, transport and house-
holds. For each sector, energy consumption by type
and also by use in the service and household sectors,
is determined by the equaticas estimated from 1570
85 data. In the equations which describe the demand
in energy inlensive industries, autonomous energy-
efficiency improvements, estimated at about 1% pa,
ace taken into consideration. The energy conversion
block determines the prices of secondary energy

80ods with their effects on caergy demands taken
into account.®

An integrated system

We use an integrated system which combines the
botiom up approach developed by Kaya and Matsu-
hashi with CRIEPI's medium-term economic fore-

‘casting system for assessing the effect of subsidy for

reducing CO, emission.” The procedures are schema-
tically shown in Figure 5. It is assumed that the
Japanese goverament gives a subsidy to each enter-
prise or to each household. The subsidy therefore

ENERGY POLICY February 1993
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Figure 6. Carbon tax for helding CO, emission constaae.*

Notez * fatrodace i 1990 at a kevel of ¥ 4000/ C. Inerease yearly
by\imlogive‘é 64 000k C in 2005,

leads to investment in the sector to which each
energy conservation technology belongs.

As shown in Figure 3, the direct effects of sub-
sidies oo energy conservation and fuel switching are
evaluated by the bottom up approach (path D in
Figure S); and through CRIEPI's model system the
indirect effects of subsidies such as changes of in-
dustrial outputs and commodity prices (path C in
Figure 5) are analysed. The actual integration proce-
dures are as follows:

® CRIEPI's model produces IIP (Index of Ip-
dustrial Production) in each sector and CO,
emission in the base case, .

@  From the result of CRIEPI's mode!, we evalu-
ate the subsidy given to cach sector and CO,
reduction arising from the subsidy in the bot-
tom up model.

® The value of the subsidy, which leads to the
investment as described above, is takeqn -from
the bottom up mode! to CRIEPI'S model. The
macroeconomic effect due to the investment is
then evaluated in CRIEPI's model.

®  From the resuit of CR(EPPs model, we evalu-
ate the change in net GNP and CO, emission.

Analysis of CO, tax policies

According to CRIEPI’s base case projection of
COdenergy/GNP, average growth rates of GNP,
encrgy and CO, emission for 1983-2005 are 3.7%
Pa, 2.1% pa and 1.8% pa respectively. Starting from
this base case projection, let us assume the introduc-
tion of a CO, tax to hold CO, emissions in 2005 at
1988 tevels. The CO, tax is to be introduced in 1990
and the level of the tax is increased gradualiy to
maintain its effect.

We assume that the CO, tx is imposed on
primary energy sources in propostion to theoretically

ENERGY POLICY February 1993

Amdymmrm'cnma{or €O, rednction in Japor:
estimated CO, emmissions. Both the direct impact of
QO; tax through increased fossil fuel prices and the
indirect impact through changes in economic output
and general prices are evaluated by CRIEPI's
medium-term economic forcasting system. Depend-
ing on how the revenue from the CO; tax is used, we
STV IR0 e v 1, 1aA iciuve, a00 case 2, tax
offset. In case 1 collected tax reveaues are assumed
to be removed from the Japagese cconomy, and, in
mzmmofﬂnmisoﬂ’sc:byanequivalent
amount of income tax reduction.

Tax level for CO, swbilization

Through several simulation experiments we found a
tax schedule to hold CO, emissions in 2005 at
approximately the levet of 1988. As stated in Figure
6, the tax schedule to achieve the target is as follows:
CO; tax of 4000 yen per tonne of carbon is intro-
duced in 1990, and then increased yearly by 4000 yen
until it reaches 64 000 yen per tonne in 2005. As also
shown in Figure 6, the €O, tax raises crude oil price
in 2005 to0 about 2.8 times higher than ia the base
case projection. Reduction of CO, emissions caused
by the tax are illustrated in Figure 7.

Macroeconomic impacts of CO; tax palicy

The macroeconomic impacts of a CO, tax policy to
hold CO, cmissions constant are summarized in
Table 3 and illustrated in Figure 8. The results Jead
to the following findings:

® CO, emission stabilization through a CO, tax
has a serious impact on the national economy:
in the tax remove case, the average growth rate
of GNP in real terms from 1988 to 2005 reduces
by 0.4% pa and GNP in 2005 decreases by 38
trillion (10'%) yen (1980), more than 6% down
from the base case value. :

® [ncome tax reduction offsetting the CO, tax
Trevenue mitigates the adverse macroeconomic
impacts: loss of GNP in 2005 in the tax offset
case is reduced to 30 trillion (10'%) yen (1980),
about 5% of the base case value: however, the
effect is too small to make CO, tax an attrac-
tive policy to Japan.*

® GNP losses per unit CO; reduction range from
250 000 yen per tonne of carbon (cumulative
average in the tax offset case) to 360 000 yen
per tonne of carbor (2005 year only in tax
remove case). The specific CO5 reduction costs
associated with a CO; tax in Japan are prohibi-
tively high when compared with the cost esti-
mates of various technical measures to reduce
CO; cmissions, which .are mostly less than
50 000 yen per tonne of carbon.
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Analysis of subsidies to redace C:Oz
emissions

In this section we analyse the effect of a subsidy for
reducing CO, emissions. An integrated system com-
bining the bottom up approach with the top down
approach is used to assess the effect of the subsidy.
First, we discuss the economic criteria of measures
for CO, reduction. Then we evaluate CO,; reduc-
tions from the subsidies and their macroeconomic
impact.

Economic criteria of measures
We need to introduce some economic incentives to

Tax remove casc

Tax offset case

accelerate the implementation of various measures
for preventing climate change. Here we introduce
the subsidy Pc for CO, reduction as an economic
incentive. We express Pc in terms of yen per wonne
of carbon reduced. With this subsidy Pe, the fua-
damental condition for economic feasibility is ex-
pressed by Equation (1): -

(savings from reduced encrgy consumption)
+ Pc X (tonne C reduced) >
(total cost of implementation) (1}

The first term on the left-hand side is applicable
primarily for measures which conserve energy. This

Table 3. Costs and effects of tax foc CO» reduction.

Tax remave case

Tax oflset case
A Real GNP loss (urillion yen) - ‘
i 2005 -377 (~62%)" -300 (-4.9%)
1990-2005 cumulative ~310.6 (~4.0%) =230.6 (—3.0%)}
(=9.9% annually) (—03% anauslly)
B CO,; reduction (Mt C)
in 2005 103.1 ( 26.6%) 998 (255%)
1990-2005 cumulative 985.1 (17.1%) 939.0 (16.3%)
C Tax revawe (triltion yen)*
- in 2005 1.9 120
1990-2005 comuiative 1182 t19.0
‘D Specific CO; tax reveaue
{thousand yea/t C)
1990-2005 nominal 314 35
19902005 rcaf price® 234 : 33
E  Natioaal cconsmic cost per O, reduction
(tboasand yenit C) .
in 2005 362 301
1990-2005 cumufative 315 216

Nm‘wbmdhwmkpriwwu(mlpﬁmh 198D).
* Difference rate from basc case.
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term becomes negative when energy costs are in-
creased by implemeating the measures. The total
cost of implementation is the sum of both the capiral
and the operation costs other than the energy costs.
It is usually described as @ X [ on an annual basts,
where a is the annual expense ratio and [ is the
investment cost. However, the entrepreneur’s actual
decision on energy conservation measures is not
based on this criterion. Since, in the past, energy
prices have fluctuated widély, entcepreneurs tend to
be rather prudent when they invest in energy con-
servation. In Japan they typically use a short
payback time of around two years.? In other words,
instead of using an annual expense ratio of a, they
use UT where T is two years.

We can then rewrite the criteria for adopting the
measures as follows: .
Criterion A (1otal cost criterion) -7
a X [—(saving from reduced

energy consuraption)

c > ..
P (decrease in carbon emissions)

Criterion B (payback time criterion)

UT—(saving from reduced
energy consumption}

'P~c > (decrease in carbon emissions)
where T is iwo years.

According to the summary report of the encrey
and industry subgroup in the Working Group 3 of
IPCC,'” we should distinguish marketable technolo-
gies from cconomic technologies. Criterion A and
critcrion B can be intcrpreted as the criteriz for
cconomic lechnologics and marketabic technologics

respectively. Criterion B generaily reflects the aciual,

ENERGY POLICY February 1993
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investment pattern of the market. In the next section
we will investigate the effect of the subsidy Pc for
CO; reduction ia Japan.

The effects of a subsidy on CO; reduciion

Two types of measures. Before investigating the
ineasures, we should differentiate berween two types
of energy conservation measure. One type intro-
duces new {acilities so as to reduce energy loss in
processes. For example, coke dry quenching systems
used in the iron and steel industry belong to this
type. For convenience, we call this type the invest-
ment type. The other type changes the usage pat-
teras of machines or materials in order to make the
system more economical. Typical examples of this
type are changes in the usage patterns of auto-
mobiles which are caused by changes in fuel prices.
We call this type the patern change type. We
assume that measures of the pattern change type are
not implemented by introducing the subsidy. On the
other haad the subsidy can offer economic incentives
for implementing investment type messures. Invest-
ment type measures cannot be evaiuated without a
detailed survey of the engineering~economic charac-
teristics of such measures, which is the essence of the
bottom up approach. Therefore the following sec-
tions deal only with investment lype measures.

Marketability condition. The first step in evaluating
measurcs is 1o determine the amount of subsidy, Pc,
so that these measurcs can be implemented by actual
market inceatives. Given the cost data, the Pc
necessary for cach measure (0 be marketabic can be
determined. Here we ucilize data gathered mainly by
the Japan Encrgy Conscrvation Centre; they asc not
a thorough survey of the results but are the only data
presendly available. Measures in the data include 57
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Figure 9. Supply curve of energy conservation.

energy conservation technologies in industry, ther-
mal insulation for houses and buildings and fuel
switchings in industrial boilers/fucnaces and in elec-
tric power stations. As aan illustrative example,
engineerins-economic characteristics of industrial
energy conservation technologies are shown in
Figure 9. We have made the following assumption
about marketability conditions in each sector:

@ Inthe industry sector, we assume that criterion
B is adopted, and that the payback period is
two years, as described above.

@® For thermal insulation in houses and other
buildings we assume that criterion B is
adopted, but that the payback period is longer
thaa in the industry sector. This is because the
lifetime of insulation matedals is longer than
that of energy conservatioa technologies in the
industry sector. We assume the payback period
for thermal insulation to be five years. Howev-
er, mote work is needed to investigate the
detailed investment pattern in this sector.™

@® In the electricity sector the situacion is diffe-

" rent. Electric power companies in Japan are
regulated by the law as public ulilities and the
price of electricity is based on its cost. We
therefose assume that criterion A is adopted in
this sector, and that the annual expense ratio is
20%.

Leadtimes for introducing new /'adlr'éia.' Even if the
markctability of measures is guaraateed, it takes
time for those measures to be effective, duc to the
time necded for replacing old facilities. Taking this
into account we have made the followiny assump-
tions about the spced of acceptance of measures:

® Thc market penetration ratc for energy con-
servation measuses is assumed to be 10% pa: in
other words an old facility will be fully seplaced
by a new one in 10 years.
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@  Taking into account the long lifetime of houses
and other buildings, we assume that the market
penetration rate of insulation materials for
houses is 2.5% pa.

@® As for clectric power plants, we decide the
time needed for replacing each plant on the
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lifetime of plants is 35 years.

Reduction in CO, emission versus Pe. On the basis of
the above assumptions, we evaluate how much re-
daction in CO- emissions will be attained by the
intreduction of a Pe. Here we should be aware of the
fact that orly measures of the investment type are
considered in the analysis. The results are showua in
Figures 10 and 11.

Figure 10 shows how the CO; reduction poteatial

‘will grow with time, with Pc staying constant. This

result shows how important the time factor is in
evaluating the CO, reduction potential. Figure 11
shows a cross-sectional result in 2005. This figure
shows 2 trend for the marginal cost of CO, reduction
to become higher as Pc increases.

" Macroeconomic impacts of the subsidy

If we introduced a subsidy for CO, reduction, it
would affect the cost structure of industries and the
national economy. The subsidy itself has a positive
effect if the cost of financing it is ignored. In this
section we will investigate such effects of the sub-
sidy. [t is assumed that the subsidy is given from the
Japanese govemnment to cach enterprise ot to each
household. The financing of the subsidy is not
coasidered here. The results are summarized in
Table 4. The so-called multiplier effect of invest-
ment seems to have reasonable values. Since the
total amount of the subsidies is much less than GNP,
the increase in GNP over the reference case will be
less than 1.5%. Due to the small amount of addition-
al GNP which is yiclded by the subsidy, there will be
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Figure 11. Sectoral CO, reduction by subsidy in 2005.

a sfight increase in CO, emissions. Taking this into
account, the toral emissions of CO» are shown in
Figure 12.

Conciuding remark

The findings in our study on the economic measures
to reduce CO; emissions in Japan are summarized as
follows:

® Withowt CO- limitation policies, CO, emis-
sions from Japan's energy system would in-
crease significantly: by 36% during 1988-2005
according to CRIEPI's medium-term economic
forecasting system.

@  The level of CO, tax rate nceded (o stabilize
Japan's CO, emission through price effects
only is very high: primary fossil fuel prices
should be two to five times higher than those in
the base case in 2003. -

“The national economic impact of CO» emission
reduction through a CO, tax is significant:
GNP in 2005 has decreased more than 6% as 2
result of holding CO, emissions to the 1988
level when the revenue of the COs tax is
removed from Japanese economy. '
The national cost of CO, reduction by the price
signal of a carbon wx is prohibitively high:
GNP loss per unic CO, reduction is around
300 00C yen per tonne of carbon.

Income tax reductions offsetting the CO» tax
revenue mitigate the above adverse impacts;
however, the effect is still too small to make
CO, 1ax an attractive policy for Japan.

The level of subsidy required to reduce about
4D miltion t C of CO, emission in 2005 is
relatively smatl: around 20 000 yen per tonne
of cacbon reduction. But the marginal effect of
the subsidy decreases as the level of subsidy

Table 4. Costs and effects of subsidy for CO, reductina.

Level of subsidy
(thousznd yeo/t C) H 20 30
A Real GNP gain (trillion yen)
in 2005 0.n5 (0.01%) 833 {0.05%) . 166 {0.2T%)
1989-2005 cunmulative 050 (0.01%) 3350 (0.04%) 265 (0.28%)
B COs; reduction (Mt C)
in 2005 A2 5.U%) 370 (9.4%) 6.3 (11.8%)
- 19892005 cumulative 1508 (2.5%) 675 ([HA%) 6.4 (7.0%)
C CO.increasc by subsidy (Mt C)
in 2005 0.03 (0.01%) 08.24 (.06} . 120 (031%)
198920035 curnulative .33 (0.01%) 232 () 1396 (0.24%)
D Suhsidy (trillon yen)*
in 2X15 0.m 0.62 an
1989-2005 cumulative 0. x4 J2.32
E Uoit CO, reduction cosz :
t
m yeeh a2 169 659
197920035 cumulative 4.7 Xy N
Nere:  Deflated by whalcsale price index (real price in 195U).
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