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Abstract:

This paper assessed Japan’s “fair” carbon budget consistent with the 2 °C target between 1990 and
2100 under three frequently referred effort-sharing approaches: Converging Per Capita Emissions
(CPE); Common but Differentiated Convergence (CDC); and Greenhouse Development Rights
(GDRs), as well as the consequent GHG emission pathways up to 2100 for the country to stay
within the budget. The calculated carbon budgets were compared with Japan’s projected cumulative
greenhouse gas (GHG) emissions in case of adhering to the existing national mitigation targets
committed for 2020 and 2050 (“Nationally Committed Amount”: NCA). The global carbon budget
for 1990-2100 was assumed to be 1800 Gt-CO,e excluding LULUCF.

The remaining carbon budgets for Japan under CPE and CDC (23 Gt-CO,e and 20 Gt-CO,e) were
found to be about 50%-60% of the amount the country would emit up to 2100 under the reference
NCA (39 Gt-COse). If Japan continues to emit GHG at current levels (1.34 Gt-CO,e/yr in 2012),
the budget under CPE and CDC approaches will run out in the early 2030s. Japan’s carbon budget
under GDRs was found to be negative for 1990-2100, due to the very high responsibility and

capability that is determining the results under this approach.

Moreover, the average emissions reduction rate for 2020-2050 based on the government’s current
mitigation targets was found to be similar to that required under the CPE approach with immediate
actions from 2014. If Japan is to consider the carbon budget concept, strengthening the current
2020 target, rather than adhering to the current targets, would allow mitigation rates to remain

within a more realistic range and would limit the need to buy international offsets.
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Policy relevance:

To remain below 2°C temperature increase, there is a limit to total GHG emissions that can be
emitted globally. Following the Fukushima nuclear disaster, however, many new coal-fired power
plant constructions have been planned in Japan, which would “lock-in” a significant amount of
CO; emissions up to 2050. Nevertheless, the concept of a carbon budget and the equity principles
to distribute the budget across countries has seldom been discussed when formulating Japan’s
national mitigation targets. This paper quantitatively assesses and discusses the gap between the
level of ambition Japan has committed to and what effort-sharing approaches with their different

interpretations of equity define.
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1. Introduction

Japan is now at a crossroads with regard to the future
direction of energy and climate policies following the
Fukushima nuclear disaster of March 2011. In
December 2009 at the 15™ Conference of the Parties
(COP15) under the United Nations Framework
Convention (UNFCCC) held in Copenhagen, the
Japanese government led by the Democratic Party of
Japan (DPJ) pledged to reduce its Greenhouse Gas
(GHG) emissions by 25% by 2020 below 1990 levels,
which was “premised on the establishment of a fair
and effective international framework in which all
major economies participate and on agreement by
those economies on ambitious targets” (UNFCCC
2009). This Copenhagen pledge by Japan was
planned to be achieved mainly by the expansion of
nuclear power (METI 2010). After the Fukushima
nuclear disaster, however, aggressive decarbonization
of the electricity supply through a large expansion of
nuclear power has become politically and technically
difficult. The 25% target was officially replaced in
November 2013 at COP19 held in Warsaw by the
current administration led by the Liberal Democratic
Party (LDP). The revised 2020 mitigation target
(“Warsaw Target”) is to reduce its GHG emissions by
3.8% below 2005 levels, which equals to 3.1%
increase from 1990 levels and assumes zero nuclear
power generation in 2020. Meanwhile in 2012, a
long-term reduction target of 80% by 2050 below
1990 levels was enshrined in the cabinet-approved
Fourth Basic Environment Plan (MOE 2012).

Although a large uncertainty exists with regards to
Japan’s short-mid energy and climate policies, limiting
global climate change is becoming ever more urgent.
In October 2013, Working Group I (WGI) of the
Intergovernmental Panel on Climate Change (IPCC)
released its 5™ Assessment Report (ARS5), which
provides a detailed look at the science of climate
change (IPCC 2013). This report conveyed the
concept of a "carbon budget", which is a finite amount
of GHG that can be emitted if the increase in global

temperature is to be curbed to a certain level. Under

the UNFCCC, countries have agreed to keep the
increase in the global mean temperature below 2°C
compared to preindustrial levels: the so-called 2°C
target. This conveys the importance of managing the
total cumulative emissions consistent with a long-term
global “carbon budget” for the 2°C target, as well as of
assessing national GHG emission reduction targets
from the perspective of their consistency with such
carbon budget (Tamura 2014).

The distribution of global carbon budget consistent
with the 2 °C target across countries under one or
more equity principles has been proposed by several
research groups (WBGU 2009; Horstmann and
Scholz 2011; BASIC Experts 2011). In recent years,
country-level carbon budgets under different
effort-sharing approaches have been calculated by
Ecofys for wvarious countries (e.g., Hohne and
Moltmann 2008, 2009) and their implications on
national mitigation policies have been assessed and
discussed for Australia and the European Union

(WWEF Australia 2013; de Vos et al. 2014).

Drawing upon a new research, this paper assesses
Japan’s “fair” share of global carbon budget consistent
with the global 2°C goal under a number of
effort-sharing principles and analyzes its implications
for Japan’s GHG emissions reductions in 2030 and
2050. In particular, the impact of delayed actions for
drastic mitigation on the future emissions trajectories
is quantitatively assessed and discussed. In addition,
the consistency of current mid- and long-term targets
of the Japanese Government with the calculated “fair”

carbon budgets for Japan is also examined.

This paper is structured as follows. Section 2 briefly
describes the recent GHG emission trends in Japan.
Section 3 describes the research methodology used
for the analysis. Section 4 presents the calculated
carbon budgets and the derived emission trajectories
toward 2050 and beyond. Section 5 discusses the
policy implications of the results obtained in this
study and the limitations of the methodology used.

Lastly, conclusions are drawn in Section 6.



2. Japan’s GHG emission trends in recent
years

This section provides a brief description of Japan’s
GHG emission trends in recent years (see
Kuramochi (2014) for details). For the first
commitment period of the Kyoto Protocol
(KP-CP1: 2008-12), Japan was committed to
reduce its GHG emissions by 6% from 1990 levels.
Figure 1 presents Japan’s historical GHG emissions
between FY1990 and FY2012. It was recently
announced that Japan achieved the KP-CP1 target,
on average reducing its GHG emissions by 8.4%
including net carbon sequestration through land use,
land-use change and forestry (LULUCF), and the
purchases of Kyoto Units® (MOE 2014). The
average annual domestic GHG emissions excluding
LULUCEF, however, were 1.4% above 1990 levels.
The average annual acquisition of Kyoto units was
74 Mt-COse/yr or nearly 6% of 1990 emissions.
Figure 2 presents the historical GHG emissions per
capita and per GDP (in 2005 international dollars)
between FY1990 and FY2012. While per GDP
emissions have declined by 13% between 1990 and

2012, per capita emissions have slightly increased.

3. Methodology

This paper stems from the analysis conducted in
Hoéhne and Moltmann (2009) using the Evolution of
Commitments tool (EVOC) version 8 developed by
Ecofys. The EVOC model, originally developed by
Hohne et al. (2003), is a decision support tool to
quantify several future international climate regimes.
The detailed data and description of the EVOC
version 8 can be found in, e.g., Hohne and Moltmann
(2009) and Fekete et al. (2013). Hohne and
Moltmann (2009) assumed that by 2050, global GHG
emissions excluding LULUCF will have reduced by

> Kyoto units” is a collective term for emission allowances
that are generated, cancelled, acquired or transferred through
LULUCEF Activities and through participation in the Kyoto
mechanisms (UNFCCC 2008).
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80% compared to 1990. The estimated emission
budget of 1800 Gt-CO,e for 1990-2100 excluding
LULUCF and 1600 Gt-COse including LULUCEF, is
consistent with the stabilization levels around 400
ppm COe and the 2°C target (Hohne et al. 2014a).
To stay within this global budget, the referenced
study also assumed that global emissions excluding
LULUCEF reduce by 30% in 2030 and 80% in 2050
from 1990 levels, respectively. All calculations
considered six different scenarios, which include
different assumptions on the growth rates of
important factors such as GDP and population, from
the ITPCC Special Report on Emission Scenarios

(Nakicenovic et al. 2000).

The country-specific analytical framework used in
this study, which is largely based on Fekete et al.

(2013) for an Australia case study, is described below.

3.1. Sharing the mitigation effort among
countries

While many different effort-sharing approaches
have been investigated in the literature, they are
often based on one or more of the following four
basic dimensions: (i) responsibility (historical

emissions), (ii) capability (capacity to pay for

mitigation), (iii) equality (emission rights per
person), and (iv) cost-effectiveness, of which the
first three are explicitly equity principles (Hohne et
al. 2014a). In addition to the above four, a
comparative assessment of over 40 studies that
analyzed future GHG emissions allowances or
reduction targets across regions (Hohne et al.
2014a) identified the following three effort-sharing
categories that combine two or more of the above
four dimensions: (v) responsibility, capability, and
need (combines (i) and (ii)); equal cumulative per
capita emissions (combines (i) and (iii)); and (vi)

staged method (combines (i) — (iii)).
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Figure 1: Annual total GHG emissions excluding and including LULUCF in Japan between fiscal years
(FY) 1990 and 2012. The annual Kyoto Units are assumed to be a 5-year average of total units
acquired between 2008 and 2012. Source: Kuramochi (2014), based on GIO (2014).
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Figure 2: Total GHG emissions per capita and per GDP (PPP) in Japan between FY1990 and 2012. GDP
data are in adjusted for purchasing power parity (PPP) and reported in constant 2005
international dollars. Source: Kuramochi (2014), based on GHG emissions data from GIO
(2014) and population and GDP (PPP) data from World Bank (2013).



This paper calculated the carbon budget for Japan
using three different effort-sharing approaches:
Converging Per Capita Emissions (CPE), 6
Common but Differentiated Convergence (CDC)
and Greenhouse Development Rights (GDRs),
while referring to the classification adopted in
Hohne et al. (2014a) and the IPCC AR5 report
(IPCC 2014). An overview of the three approaches
is presented in Table 1. CPE approach is based on
equality principle (category (iii)) alone, whereas
the other two are based on multiple equity
principles. CDC approach, originally proposed by
Hohne et al. (2006), is categorized under “Staged
method” and considers all three equity principles
as well as “Cost-effectiveness” (Hohne et al.
2014b). GDRs approach was proposed by Baer et
al. (2007) and shares the global carbon budget
between countries according to two equity
principles (capacity and responsibility). The GDRs
approach sets a development threshold, below
which the countries do not need to contribute to
climate change mitigation and adaptation;
wealthier and higher emitting countries receive a
much smaller share of the budget than poorer and

lower emitting countries.

In addition to the aforementioned three
effort-sharing approaches, we also calculated a
reference amount of cumulative GHG emissions
under the current 2020 and 2050 mitigation targets
in Japan, which we refer to as “Nationally
Committed Amount” (NCA). As mentioned,
current GHG emission reduction target is 3.1%
increase in 2020 and 80% decrease in 2050
compared to 1990 level. For calculating NCA up to
2100, national GHG emissions were assumed to
change linearly between 2013 and 2020 and
between 2020 and 2050, and the average GHG
emissions between 2050 and 2100 were assumed
to be 10% of 1990 levels. This paper treated NCA

as a reference because it is not based on any

% This approach is inspired by the “Contraction and
Convergence” approach of the Global Common Institute
(GCI). http://www.gci.org.uk/cbat-domains/Domains.swf
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particular effort-sharing principle.

3.2. Mitigation scenarios, calculation of the
remaining budget and the derivation of
exemplary emission trajectories

In Hohne and (2009),

country/region-specific carbon budgets and the

Moltmann

emission trajectories up to 2100 were calculated
with an assumption that drastic mitigation actions
will be taken around the world after 2010. As of
2014, many countries including Japan are not
taking mitigation efforts that are consistent with
their respective carbon budgets. Therefore, we
investigated how the delayed actions affect the
emission trajectories up to 2100. This study
calculated the emission trajectories under the
following two scenarios with regard to the starting

year of aggressive mitigation actions:

Scenario A — “Immediate action from 2014”: This
scenario assumes that from 2014 onward the
emissions will be reduced at a pace that allows
Japan to stay within its carbon budget. This
scenario aimed to describe what the emissions
pathways look like under given carbon budgets if
the mitigation efforts are taken from 2014 onward,
despite being already 4 years delayed compared to
the original analysis in Hohne and Moltmann
(2009).

Scenario B — “Delayed action”: For the second
scenario we assume that Japan will reach the
Warsaw Target and will only thereafter start
reducing emissions at a pace that allows the
country to stay within its carbon budget. This
scenario aimed to illustrate the level of effort
needed by Japan after 2020 if it decides to adhere
to the Warsaw Target.

The details of the derivation of emissions
trajectories for different scenarios under given
calculated carbon budgets are described in Fekete
et al. (2013). Figure 3 shows how the carbon
budget is distributed over the years. GHG
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Table 1: Description of the three effort-sharing approaches. Source: Hohne and Moltmann (2009),

Hohne et al. (2014a).

Equity
Effort- principles
sharing Description E‘
2 2
approach g = 2
s 2| %
5| 5| 2
=7 Q =
All countries, regardless of their development or emission levels, agree to converge
Converging their per capita emissions from the current level to a level equal for all countries by a
Per Capita predefined year (set at 2050 in Héhne and Moltmann (2009)), ensuring that global X
Emissions aggregated cumulative emissions remain within the global carbon budget. Some
(CPE) developing countries with very low per capita emissions today would be allocated
allowances more than a Business-As-Usual (BAU) pathway.
Originally proposed by Hohne et al. (2006), all countries converge at the same per
capita emissions levels by 2050 as with the CPE, but non-Annex I countries are
required to commit to a specific target only when their per capita emissions reach a
Common but o ) o
threshold, which is defined as a certain percentage of the gradually declining global
differentiated . .
average. The delayed participation of non-Annex I countries accounts for the X X X
convergence ) ] ) o ]
(DO differences across countries on per capita emissions, economic development levels,
D
and historical contributions to global GHG emissions. No countries receive more
allowances than BAU because countries participate only when their per capita
emissions are above the threshold.
GDRs approach shares the global emissions budget between countries according to
two equity principles: capacity (income) and responsibility (for historical emissions
Greenhouse since 1990). These two data sets are combined to calculate each country’s share of
development the global carbon budget. Wealthier and higher emitting countries receive a much X X
rights (GDRs) smaller share of the budget than poorer and less emitting countries.
The level for the development threshold, which is a per capita income level, is set at
7,500 US$,005 per year as suggested by Baer et al. (2007).

emissions were assumed to decrease linearly from
the base year (#,), Which is scenario-specific, to a
(feon).  The

convergence is then optimised to match remaining

year of convergence year of
budgets. GHG emissions were assumed to remain
stable after the year of convergence until 2100
(fenq)- The level of stabilisation was taken from the
model runs in Hohne and Moltmann (2009) and

differs depending on the effort-sharing approach.

The calculations in Hohne and Moltmann (2009)
were based on earlier versions of Japan’s GHG
emissions inventory and other data sources, which
differ from the latest official emissions data (GIO,
2014). The remaining carbon budget at the base
year was, therefore, calculated following the
approach taken in Fekete et al. (2013). The carbon
budgets calculated in Hohne and Moltmann (2009)

based on old datasets were used as they are and the
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Al + A2 + A3 = Total carbon budget
A2 + A3 = Remaining carbon budget
A3 = E(tend) * (tend-thase=1)
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Figure 3: Illustration of approach to development of exemplary emissions trajectories. Source: adapted

from Fekete et al. (2013).

latest national GHG inventory report (GIO 2014)
was used to calculate the budget spent between
1990 and 2012. The Warsaw Target was
recalculated to exclude emissions reduction
through LULUCEF, based on the Biennial Report
submitted to the UNFCCC (Japanese Government

2013).” If the emissions reductions through forest

7 The targeted forest sequestration for 2020 was reported to
be 38 Mt/yr (GolJ, 2013).

sinks are excluded, the Warsaw Target translates
into 1337 Mt-COye/yr or a 1% reduction from
2005 levels including overseas credits. The BAU
GHG emissions between 2012 and 2020 were
estimated by linear interpolation between 2012
historical emissions data and the 2020 mitigation

target emission levels.
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4. Results

4.1. Calculated carbon budget

Table 2 presents the carbon budget allocated and
remaining for Japan under three effort-sharing
principles. Between 1990 and 2013 Japan emitted
about 32 Gt-CO,e of GHG emissions. Results
show that Japan has already used 57%-61% of its
“fair share’ of the global carbon budget under the
CPE and CDC approaches, which were calculated
to be 51 Gt-CO,e and 54 Gt-COgqe, respectively. If
Japan keeps on emitting GHG at the 2012 level
(1343 Mt-COze excluding LULUCF and Kyoto
units), the remaining budget would be consumed
by 2031 at the latest.

Under the GDRs approach, in contrast, total budget
(1990-2100) allocated to Japan is already below

zero in 1990 (-25 Gt-COze) and the budget
remaining for 2014-2100 is -59 Gt-COe. This
result signifies that the average annual emissions
reductions required on the basis of capability and
responsibility up to 2100 is larger than the current
emission levels because of Japan’s very high
responsibility and capability. Since it is not easy to
generate policy-relevant discussions based on a
negative carbon budget, no further analysis for

GDRs approach is conducted hereinafter in this

paper.

For the reference NCA, which assumes that Japan
adheres to the current mitigation targets for 2020
and 2050, the cumulative GHG emissions between
1990 and 2100 were calculated to be 70 Gt-COse.
This is 16 Gt-CO,e and 19 Gt-CO,e more than the
carbon budgets under CPE and CDC approaches.

Table 2: Japan’s Carbon budget allocated, used and remaining (excluding land use change and forestry)

for four effort- sharing approaches.

Total budget The year the budget
Share of budget Remaining budget
allocated to Japan runs out if 2012
Effort-sharing approach spent 1990-2013 2014-2100 .
for 1990-2100 emission levels
(31 Gt-CO»e) (Gt-CO»e)
(Gt-CO,e) continue
Converging Per Capita
Emissions (CPE) A S7% 23 2031
Common but Differentiated
Convergence (CDC) 51 61% 20 2028
Greenhouse Development
Rights (GDRs) -25 Overspent Overspent Overspent
Nationally Committed
70 45% 39 2042

Amount (NCA; reference)

" 1343 Mt-CO»e excluding LULUCF and Kyoto units.



4.2. Exemplary emission trajectories under
the calculated carbon budget

Our analysis highlights the wide gap between the
emission trajectories calculated from the carbon
budgets under CPE and CDC approaches and the
reference NCA (Figure 4, Table 3, Figure 5). For
CPE and CDC approaches, the Scenario A results
indicated  that Japan’s  “fair”  mitigation
commitments for 2020 ranged between -22%
(CPE) and -27% (CDC) below 1990 levels. For
2030, Japan’s emissions need to be reduced by
54% below 1990 levels by 2030 even under the
CPE approach, which is the least stringent
effort-sharing approach for Japan among the three
approaches in this analysis. These results are also
far more stringent than the results of the
technology-based bottom-up assessment conducted
by an expert committee of the Ministry of the
Environment (MOE, 2012), which estimated that
39% emissions reduction by 2030 from 1990 levels
can be achieved assuming a nuclear power share of
35%. For 2050, the results for CPE and CDC
approaches show that the emissions need to be
reduced by 95% regardless of the starting year for

drastic mitigation.

Scenario B results for CPE and CDC approaches,
moreover, showed that the emissions would need
to be reduced by 95% from 1990 levels before
2040 for both effort-sharing approaches. The
average annual emissions reduction amounts
ranged between 89 Mt-COe/yr and 136
Mt-CO,e/yr, which is larger than the major drop
observed between 2007 and 2008 in Japan due to
the global economic crisis (83 Mt-COse/yr) as

shown in Figure 1. These results strongly indicate
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that keeping Japan’s GHG emissions within the
carbon budget calculated under CPE and CDC
approaches would be extremely difficult if actions

for drastic mitigation are delayed until 2020.

Under the reference NCA, Scenario A results show
that the emissions reduction trajectory could be
significantly relaxed if drastic mitigation actions
are taken immediately from 2014, rather than
adhering to the current national mitigation targets
for 2020 and 2050. Table 3 shows that if Japan can
reduce its emissions by 12% from 1990 levels by
2020, then the country would only need to reduce
emissions by 69% by 2050 from 1990 levels to

stay within this reference carbon budget.

Another interesting observation comparing Figures
4 and 5 is that the required emissions reduction
rate under the reference NCA in Scenario B (36
Mt/yr) is fairly close to that for the CPE approach
in Scenario A (41 Mt/yr). By lowering the ambition
level of the 2020 mitigation target announced at
COP19 in Warsaw, Japan has forced itself to
reduce GHG emissions after 2020 at a rate that is
extremely difficult to achieve. The results highlight
that if Japan is to take the carbon budget concept, it
would make more sense to strengthen the current
2020 mitigation target, rather than sticking to the
current one, in order to keep the average mitigation
rate after 2020 within a more realistic range. It is
worth noting, however, that the average emissions
reduction rates discussed above are still similar to
or larger than the CO, emissions reduction rate
observed for the Soviet Union after its collapse
(2%-4% per year) and in Sweden and France after
the oil crisis (2%-3% per year) (Riahi et al., 2014).

11
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Figure 4: Japan’s exemplary GHG emission pathways for scenario A (immediate action from 2014)

under the carbon budget calculated for two effort-sharing approaches (CPE and CDC) and a
reference (NCA) approach.

Table 3: Comparison of Japan’s current mitigation targets and necessary mitigation levels implied by

two effort-sharing approaches (CPE and CDC) and the reference Nationally Committed
Amount under Scenario A (immediate action from 2014).

National CPE CcDC NCA
target

Target year vs 1990 VS. VS. VS. VS. VS. VS. VS. VS. VS.
i " 1990 2005 2010 1990 2005 2010 1990 2005 2010

° (%) (%) (%) (%) (%) (%) (%) (%) (%)

2020 +3.1 22 27 21 27 31 26 -12 -17 -1

2030 N.A. -54 .57 -54 66 68  -66 30 35 230

2050 -80 -95 -95 -95 -95 95 95 -69 71 -67
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Figure 5: Japan’s exemplary GHG emission pathways for scenario B (delayed action until 2020) under
the carbon budget calculated for two effort-sharing (CPE and CDC) approaches and the
reference Nationally Committed Amount (NCA).

4.3. Required additional emission credits to
meet the carbon budget

Since the carbon budget concept does not concern
actual domestic emissions but emissions rights,
Japan can stay within its carbon budget by
acquiring emission credits from overseas. In the
long-term future Japan’s domestic GHG emissions
needs to be reduced to near zero, but in the short-
to mid-term purchasing international offset credits
from overseas can be an important option
considering the drastic emission reduction
requirements under the investigated scenarios.
While the use of international credits could
displace domestic mitigation  activities, it
contributes to lowering the overall cost of

achieving targets.

As shown in Table 2, the amount of additional
emissions reductions required under CPE and CDC
approaches compared to the reference NCA would
amount up to 16-19 Gt-CO,e. Since it is expected

that Japan would continue to acquire international

emission credits even for only achieving the
current national mitigation targets, which is
represented in this study as the reference NCA, this
study assumed that all additional GHG emissions
reductions under CPE and CDC approaches
compared to the NCA are achieved by international
emission credits. Figure 6 shows that when they
are spread over the period between 2014 and 2100,
the average annual acquisition of international
credits would range between roughly 180 Mt/yr
and 220 Mt/yr, which is equivalent to 14%-17% of
Japan’s 1990 emissions. When they are spread
over the period between 2014 and 2050, the
average annual acquisition of international credits
would range between 420 Mt/yr and 510 Mt/yr,
which is equivalent to 34%-40% of Japan’s 1990
emissions. The calculated amount is considerably
larger when it is compared with the average Kyoto
Units acquired by the Japanese government and the
Japanese private sectors (74 Mt-CO,e/yr) to meet
the Kyoto target.
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Figure 6: Required emission credits in addition to the reference Nationally Committed Amount (NCA)

case to keep Japan’s GHG emissions within the carbon budget under CPE and CDC

approaches.

It may be considered unfair to make a comparison
with the acquisition of Kyoto Units during the
KP-CP1 because it was only a temporal measure to

achieve Japan’s mitigation target for 2008-2012,

calculated additional credit

requirement concerns a much longer timeframe.
Nonetheless, the

comparison highlights the

significant scale of the additional emission credits
required for Japan to stay within the calculated

carbon budget.

5. Discussion

This study is one of the first to quantitatively
assess Japan’s carbon budgets consistent with the
2 °C target under commonly referenced equity
principles in comparison with the country’s current
policy targets. This section discusses the policy
implications of the results and the limitations of

the research methodology taken in this study.

5.1 Significance of the results

results have shown that the

approaches are about half of the amount Japan
would emit up to 2100 under the NCA, i.c. if the
country does not reduce its GHG emissions beyond
its current 2020 and 2050 mitigation targets (19-23
Gt-CO,e compared to 38 Gt-COze). If Japan
continues to emit GHG at current levels, it will
already have run out of carbon budget by early
2030s. This result highlights the major gap
between the current mitigation commitments by
the Japanese government and the mitigation levels
that are considered to be a ‘fair share’ of global
budget for different
effort-sharing approaches to achieve the 2 °C

carbon Japan under

target.

Moreover, the results of this study have shown the
large impact of delayed actions on the emission
trajectories that Japan can possibly take. Although
the Japanese government is facing difficulties in
setting ambitious mitigation plans and actions in
the absence of a clear direction on future energy
policy after the Fukushima nuclear disaster, this
study highlights the importance of taking more
concrete actions

aggressive, mitigation



immediately towards a transition to low-carbon
society. If this is not done, the country will end up
generating higher cumulative emissions between
1990 and 2100 with limited mitigation to be
achieved by 2050. In particular, serious “lock-in”
of carbon-intensive technologies as a result of
compensating for the reduced nuclear power
generation may have serious consequences on
Japan’s future climate mitigation actions
(discussed in detail in Section 5.2). Delayed
actions may reduce the mitigation burden and
associated costs in the near term, but this near-term
inaction will lead not only to stronger
medium-term emission reductions, but also to
“lock-in” and path dependencies, higher overall
costs, reduced societal choices and higher climate
risks (UNEP 2013). These are important trade-offs
between near and long term futures. At the same
time, it would become increasingly important for
Japan to consider acquiring a fair amount of
emission credits from overseas in order to keep its
future GHG emissions within the carbon budget
assessed in this study in a cost-effective manner.
This paper also contributes to domestic discussion
over Japan’s post-2020 emission reduction target,
by explicitly addressing equity principles and
consistency with the 2°C goal which have not been
adequately considered so far. The domestic
discussion has largely revolved around the notions
of technological potential, cost-effectiveness and
political acceptance to the domestic constituency,
rather than equity principles of responsibility,
capability and equality. When the Japanese
government first formulated the 2020 mitigation
target in 2009, the equal Marginal Abatement Cost
(MAC) and equal additional cost per GDP
approaches were among the global effort-sharing
methods used, and the final target level was
roughly consistent with equal additional cost per
GDP approach (The Cabinet, 2009). In contrast,
the carbon budget approach taken by this paper
highlights the equity principles and the long-term

consistency of cumulative emissions up to 2100
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with the 2°C goal.

Finally, the national carbon budget presented in
which

policymakers can refer when discussing Japan’s

this paper gives a benchmark to

mitigation target, and also against which Japan’s
mitigation target is assessed. Some may argue that
the idea of dividing a global carbon budget into
national budgets results in a zero-sum game and
gives rise to negative consequences to international
negotiations. However, concrete numbers which
are regarded “fair” based upon certain equity
principles can serve as a benchmark against which
the adequacy of individual countries’ pledged

targets is assessed.

5.2. Implications on recent energy policy
developments in Japan

With regard to recent energy policy developments
in Japan, it is important to assess the expected
GHG emissions from the new coal-fired power
plants currently being planned in the context of
Japan’s carbon budget. Following the Fukushima
disaster in March 2011, regional electric utilities
are planning to increase the capacity of coal-fired
power plants, which would cause “lock-in” of
GHG emissions.® Recently, five regional Electric
Power Companies (Tokyo, Tohoku, Kansai, Chubu
and Kyushu) have announced open bids for a total
of 11.4GW of new fossil fuel-fired power plant
constructions (Kiko Network 2014).° It has been
reported that most of these new constructions will
be coal-fired and this trend may continue beyond
2020 (Kiko Network 2014; Reuters 2014). If the
entire 11.4GW capacity bid is assumed to be
coal-fired, the
emissions would be about 68 Mt-CO, per year,
which is equivalent to about 5% of the GHG

resulting, incremental CO,

¥ Currently, the Japanese Government is also promoting the
export of coal-fired power plants by providing public money
through Japan Bank of International Cooperation (JBIC) and
Nippon Export and Investment Insurance (NEXI) (Kuramochi
et al. 2012; Nakhooda et al. 2013). In contrast, the U.S.
government as well as the World Bank has stopped publicly
supporting the export of coal-fired power plants.

° To date, bids have already been closed for a total 0.68 GW
called by TEPCO.
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emission of Japan in 1990. For the 40-year lifetime,
cumulative GHG emissions will be 2.7 Gt-CO,,"°
which is about 12%-14% of the remaining carbon
budget for 2014-2100 under CPE and CDC
approaches and 7% of that under NCA.

To minimize the “lock-in” of carbon-intensive
technologies, renewable energy deployment and
energy efficiency will become crucial. For
renewable energy, the recent development under
the Feed-In Tariff (FIT) scheme indicate that
renewable electricity has the potential to minimize
the increase of fossil fuel-fired power generation.
Since the FIT scheme started in July 2012, the total
renewable power capacity of 69 GW has been

approved as of March 2014."

Assuming the
capacity factors reported in a Japanese government
report (NPU 2011),'* the renewable capacity
approved under the FIT scheme as of March 2014
could generate 84 TWh/yr when fully operated,
which is already close to the amount of electricity
that the aforementioned coal-power plants of
11.4GW would generate (about 90 TWh/yr).
Considering the large untapped renewable energy
potential, the continued policy support for
renewable electricity deployment could minimize
the future constructions of new carbon-intensive

power plants.

Moreover, energy savings, for example, in the

residential and commercial sectors could

significantly contribute to minimizing
carbon-intensive power generation. Figure 7 shows
the energy-related CO, emissions including
indirect emission from electricity consumption by

sector during the KP-CP1. The performance of

10" Assumptions for the estimate: CO, emission factor for coal
is 90.6 g/MJ HHV taken from the METI Comprehensive
Energy Statistics (ANRE 2013), average electrical conversion
efficiency of 43% HHYV (gross) taken from the METI and
MOE CO, emissions guidelines (METI and MOE, 2013) for
USC plants of 900-1100MW capacity, and an average
capacity factor of 90%.

" Note that less than 15% of all approved capacity was in
operation as of March 2014 (METI 2014).

12 12% for solar photovoltaics, 20% for wind, 60$ for
small-medium hydro, 80% for biomass (coal co-firing) and
geothermal, respectively.

energy-related  CO, emissions in  the
aforementioned two sectors were poor compared to
the target emission levels under the Kyoto Protocol
Target Achievement Plan (KPTAP), regardless of
the impact of the Fukushima nuclear disaster and
despite the lower actual GDP growth compared to
the projections under the KPTAP (Figure 7)."°
Since large part of the emissions from the two
sectors are attributable to electricity use, the figure
indicates that large part of the CO, emissions from
the aforementioned 11.4GW of coal-fired power
plants could be avoided if the two sectors would at
least reduce their emissions to the levels targeted
under the KPTAP.

In addition, it is also interesting to assess how
much the restart of existing nuclear power plants
would contribute to Japan’s staying within its
carbon budget because stronger climate policy tend
to support nuclear power in Japan (Skea et al.
2013). Currently all nuclear reactors have stopped
operating, and 19 reactors from 13 plants have
submitted applications to the Nuclear Regulation
Authority for restart as of August 2014 (NRA
2014). Estimations based on the reactor data (IEEJ
2013) indicate that the operating nuclear capacity
in 2015 would be about 36 GW if all 19 reactors
restart.'* Assuming a 40-year lifetime and a 70%
capacity factor, the restarted reactors will generate
around 2000 TWh from 2015 onward during their
lifetime, which could replace roughly 1.5 Gt of
CO, emissions from coal-fired power plants. The
calculated amount is a little more than the total
domestic GHG emissions (excluding LULUCF) in
2012, and equals to about 7%-8% of the remaining
carbon budget for 2014-2100 under CPE and CDC
approaches shown in Table 2. For 2020 and 2030,
the displaced CO, emissions would be up to 7%

B Some point out that the mitigation target for the industry

sector under KPTAP is based on the industry’s voluntary
action plan and is not appropriate as a fair target (Joint
Statement by Environmental NGOs 2007).

'* The data excludes all reactors in Fukushima Daiichi and
Daini power plants and reactors that reached a 40-year
lifetime.
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Figure 7: Energy-related CO, emissions (indirect emissions from electricity use allocated to final
consumers) in Japan during the first commitment period of the Kyoto Protocol: Comparison
between planned under the Kyoto Protocol Target Achievement Plan (KPTAP) and actual
emissions. Source: GoJ (2008) and GIO (2014).

and 5% of 1990 total GHG emissions, respectively.
In a hypothetical case when all 37 reactors that can
be restarted operate from 2015, they would
generate about 3500 TWh during their lifetime and
displace roughly 2.6 Gt of CO, emissions from

coal-fired power plants.

5.3. Limitations of the research methodology

Two key limitations of this study with regard to the
research methodology are identified. First, the
global carbon budget used for the analysis (1800
Gt-COze for 1990-2100 excluding LULUCF) is

one of the most stringent out of all the literature

investigating 2°C emissions pathways (Hohne et al.

2014a). Although it may be argued that the
calculated carbon budgets are overly tight, we
consider that this reflects the current international
climate negotiations under the UNFCCC, in which
most vulnerable countries strongly argue for
holding global average temperature rise within
1.5°C above pre-industrial levels. Moreover, the
use of a tighter global carbon budget serves the
purpose of this paper well because one of its aims

was to assess and discuss quantitatively the gap

between the current level of national commitments
and scientifically calculated “fair shares of efforts”
for developed countries under clear definitions of
“ambitious”, “fairness” and “equity”. There was
little discussion on these concepts in Japan’s policy

formulation process.

Second, this study did not investigate all of the
seven effort-sharing categories identified by Hohne
et al. (2014a). As described above, Japanese
policymakers may favor effort-sharing based on
“Cost-effectiveness” principle and “Capability”
principle represented by equal MAC and equal
additional cost per GDP, respectively, because
Japan is one of the efficient countries in terms of
energy use per GDP.'® The literature indicates that
while all three effort-sharing approaches
investigated in this study lead to more stringent
mitigation targets than the cost-effectiveness and
capability approaches for countries like Japan,

CPE and CDC approaches can be considered

' Hohne et al. (2014b) clarifies that the equal cost
GDP approach is categorised under ~ “Capability”
principle.
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among the moderate of the seven effort-sharing
categories described in Section 2.1. Hohne et al.
(2014a) compared emission reductions reported in
over 40 studies for the seven -effort-sharing
categories for “Japan, Australia and New Zealand”
region. The mitigation target range was found to be
by far the most stringent for “Responsibility,
Capability and Need” category (represented by the
GDRs approach in this study), while the range for
“Capability” category was the least stringent,
although the range was also wide. The mitigation
target range for “Equality” and “Staged” categories,
represented by CPE and CDC approaches in this
study, was found to be in between the above two
and around the lower end of the emissions
reduction ranges for “Cost-effectiveness” and
“Capability” categories. For example, Hof et al.
(2012) calculated that the emissions reduction
targets for Japan in 2030 under equal MAC and
equal cost per GDP would be 36% and 34% from
1990 levels, respectively, while the reduction target
under CPE approach was found to be roughly

10%-points more stringent at 45%.

should be
Cost-effectiveness is not recognized as a “fair”
effort-sharing approach in IPCC AR5 (Chapter 6),

in which it is referred to only as a reference,

Nonetheless, it noted that

because Cost-effectiveness does not represent any
of the three equity principles: responsibility,
capability and equality. Moreover, it is important
that a comparative assessment of effort-sharing
results for 2020 and 2030 based on equal MAC
from several bottom-up models shows that the
results differ significantly across models due to
various differing assumptions on articulating the
MAC Curve for each model (Hanaoka and
Kainuma 2012).

6. Conclusions

This paper assessed Japan’s “fair” carbon budget
between 1990 and 2100 under three commonly

referred effort-sharing approaches: CPE, CDC, and

GDRs, and the consequent GHG emission
pathways up to 2100 for the country to stay within
the budget. The calculated carbon budgets were
compared with Japan’s projected cumulative GHG
emissions up to 2100 in case of adhering to the
existing national mitigation targets committed up
to 2050, denoted by NCA.

Japan’s carbon budget for the period 1990-2100
under CPE and CDC approaches were calculated
to be 51-54 Gt-CO,e, of which about 31 Gt-CO,e
had already been used by 2013. This study also
showed that cumulative GHG emissions in Japan
between 1990 and 2100 for the reference NCA
would be about 70 Gt-COse, exceeding the
aforementioned carbon budget by 16-19 Gt-COxe.
It is also worth noting that the remaining carbon
budgets under CPE and CDC approaches were
found to be about half of the amount the country
would emit up to 2100 under the reference NCA
(20-23 Gt-COze compared to 39 Gt-COqe). If
Japan continues to emit GHG at current levels, it
will run out of its carbon budget by 2032 at the
latest. In addition, Japan’s carbon budget under the
GDRs approach was found to be negative for
1990-2100, due to the very high responsibility and
capability that is determining the results under this

approach.

The emission pathways calculated for the two
effort-sharing approaches (CPE and CDC) showed
that Japan needs to reduce emissions immediately
and drastically. The mitigation levels of Japan in
2020 range between 22% and 27% below 1990
levels (excl. LULUCF) assuming that immediate
actions were taken after 2013 (Scenario A), which
is far more stringent than the revised 2020
mitigation target announced in the Warsaw COP
and similar to the Copenhagen Pledge. For 2030
the results indicated a target range of 54% - 66%
reduction from 1990 levels under Scenario A and
95% for Scenario B, in which aggressive
mitigation actions are delayed until 2020. The

results for Scenario B has shown that the average



annual emissions reduction rate needs to be equal
to or faster than the large reduction observed in
Japan between 2007 and 2008 due to the global
economic crisis. The results have also shown that
the average annual mitigation rate between 2020
and 2050 based on the government’s mid- and
long-term mitigation targets (reference NCA,
Scenario B) is similar to the mitigation rate
required between 2014 and 2050 under the CPE
approach with immediate actions from 2014

(Scenario A).

This study also calculated the amount of
international emission credits that needs to be
additionally acquired compared to the reference
NCA case for Japan to stay within the carbon
budget under CPE and CDC approaches. The
results were found to be substantial; the average
annual requirement amounted to 14%-17% of 1990
emissions when spread out until 2100 and
34%-40% of 1990 emissions when spread out until
2050.

Although it is not clear which country will use
what criteria for their “fair” effort-sharing, it is
quite possible that each country will argue from
their own perspectives. This may result in a
non-transparent situation in which the collective
ratcheting-up of the commitment would be
difficult. Therefore it is crucial that intensive
reviews on the contribution pledged by each of the
Parties will be implemented by the Parties,
researchers and NGOs (Tamura et al. 2013). It is
expected that the analysis conducted in this paper
as well as the various studies mentioned in this
paper will serve as points of reference to assess the
“fairness”, “adequacy” and “appropriateness” of
the pledges made by the Parties and will contribute
to the advancement of the international efforts to

tackle climate change.
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