Japan’s Power Sector and
CO2 Pathways
From restarted aging nuclear plants to risky coal-fired
plant investments and looming CO2 reduction targets,
Japan’s power sector faces uncertainty in every direction.
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The 2011 Great East Japan earthquake and subsequent Fukushima Daiichi Nuclear Power Plant
accident triggered a fundamental change in the country’s electricity sector, with a three-phase
electricity market reform under way that introduces more competition in the energy market. For
the government, ensuring energy security remains a policy priority, but it pays equal attention
to economic efficiency, environmental protection, and the safety of citizens (3E+S).
The challenge for Japan is determining how it will generate the power needed to meet these
3E+S goals, while complying with the carbon dioxide (CO2) emission reductions it has
committed to under the COP21 Paris Agreement.
The path to the most promising mix of power generation for Japan’s future has unexpected
turns, crossroads, and potentially risky dead ends. There was a delay to restarting nuclear
power plants after the Fukushima Daiichi accident. Even though restarts are now under way, the
aging plants are expected to fall short of generating the low CO2-emission power required to
meet the country’s climate targets. Renewable sources of energy are clean but costly in a
market that has already seen record-high energy prices. Building new coal-fired plants is also
risky if the momentum to limit CO2 picks up, jeopardizing trillions of yen in business investments
even as the country deregulates the electricity generation and power retail sectors.
In which direction should Japan, its government, and investors turn to meet the country’s future
power demand? The answer lies in careful consideration of the ramifications affecting each
source of power generation as market conditions and government regulation evolve. The
pathways depend on two factors: the extent of nuclear power restart and the capacity of
additional coal-fired generation.
Sweeping Deregulation, Paris Targets, and a New US President
In the past six years, Japan’s power sector has undergone drastic changes. After the
Fukushima Daiichi accident, the country suspended operations of all its nuclear power plants.
In place of nuclear, the country increased its reliance on thermal generation from fossil fuels
which, along with a higher renewables feed-in tariff surcharge, caused energy rates to spike.
The government also conducted a comprehensive review of its electric power system,
resulting in a three-step reform of its Electricity Business Act encompassing an extensive
deregulation of its power-generation and power-retail sectors.
In 2015, the government approved a generation mix target for 2030 of 20 to 22 percent
nuclear and 22 to 24 percent renewable energy, based on its long-term energy supply and
demand plan to meet its 3E+S objectives. These goals formed the basis of Japan’s pledge for
Intended Nationally Determined Contributions at the 2015 United Nations Climate Change
Conference in Paris. It agreed to a national CO2 emission reduction target of 26 percent by
2030 from 2013 levels, in line with an 80 percent reduction target by 2050 for developed
countries (see figure 1 on page 3).
The Paris Agreement came into effect in November 2016, the same month that saw the
election of Donald Trump as US president. His reluctance to take measures against global
warming has caused worldwide concern about adherence to the agreement. A.T. Kearney
believes the Japanese government will follow through with its commitment to reduce CO2 at
least up to the early 2020s without significant deviation from the target. This outlook is based
on the fact that any country’s withdrawal from the United Nations Framework Convention on
Climate Change or watering down of the Paris Agreement will be difficult to achieve by 2020,
the end of Trump’s first term.
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Figure 1
Japan is aiming for an 80% reduction in CO2 emission by 2050
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Outlook for Japan’s Nuclear Power Generation
If Japan does not restart enough nuclear plants, it will be difficult for the government to reach its
power-generation and CO2 emission reduction goals. Today, Japan’s nuclear power plants have
a generation capacity of 50 gigawatts (GW), which can generate about 30 percent of the
country’s electricity supply but almost all have currently stopped operation.
The government’s aim to have nuclear generate up to 22 percent of the nation’s power by 2030
appears to be in line with its overall capacity, but it assumes three things. First, it requires 38 GW
of existing nuclear plants to be restarted. Several of those plants are at least 40 years old and
will need the government’s permission to operate for another 20 years. The Nuclear Regulatory
Commission has acknowledged that some of those reactors are located on or near active fault
lines, which would take them out of the running. A.T. Kearney analysis indicates that building
new, safer nuclear plants to achieve targeted capacity cannot be achieved before 2030. So, the
generation capacity of nuclear is more realistically set between 19 and 38 GW for the next 13
years (see figure 2 on page 4).
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Figure 2
NPP capacity will range from 19 to 38 GW in 2030
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This estimate is based on the assumption that the average load factor after restart is 70 percent,
but the load factor in recent years has been less than that, even before the Fukushima Daiichi
accident.1 After the updated safety standards took effect in July 2013, which include new
backcheck and back-fit rules, it is even more unlikely that aging nuclear power plants can
achieve a load factor higher than the historical average.2, 3 And if the nuclear plants do not
operate as the government intends, the share of low-carbon power supply will be lower than
planned, and Japan will not achieve its CO2 emission reduction target.
Coal-Fired Power Plants Enter the Equation
Many of the developments—insufficient generation capacity, rising energy costs, and intensified
competition fueled by deregulation—have set the scene for electricity and gas utilities and new
entrants from other industries to announce plans for the construction of new coal-fired power
plants. While new coal capacity could reach 21.8 GW if all the proposed plants are constructed, 17
GW is still in the planning phase and can be reconsidered (see figure 3 on page 5).

1

The government does not clearly state the load factor of nuclear power plants, but in the Power Generation Cost Verification Working
Group, which the Ministry of Economics, Trade and Industry established in 2015, members used a nuclear power-plant utilization rate of
70 percent in their discussion of generation mix.

2

All existing plants must be checked by the regulator if an issue is found in one plant.

3

The back-fit system obliges nuclear facilities that have already been permitted to operate to comply with the latest regulatory
standards.
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Figure 3
Additional coal capacity could reach 21.8 GW,
with 17 GW of projects that can be reconsidered
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Existing coal-fired plants operating at 80 percent load factor (assuming base-load operations)
would supply 30 percent of total power, which would exceed the government’s target of 26
percent. Should all the proposed coal plants be constructed and operated at 80 percent load
factor, coal-fired power generation would comprise up to 37 percent of the generation mix,
further deviating from the government’s target and surpassing planned maximum CO2 emission
by one million tons by 2030 (see figure 4 on page 6). This will result in Japan overshooting its
emission target by 10 percent in 2030, assuming entities in other, non-power sectors achieve
their emission reductions.
Prompted by this scenario, Japan’s Ministry of the Environment opposed the approval of five
new coal-fired plants in 2015.4 However, it later revised that position to allow the environmental
impact assessment phase to proceed on a conditional basis in the wake of two developments:
the launch of the voluntary Electric Power Council for a Low Carbon Society (ELCS) by a group
of existing power companies and new entrants, with a target to achieve Japan’s emission
targets; and a reform of the Energy Conservation Law and the Sophisticated Methods of Energy
Supply Structures Law.

4

The five plants are Nishi-Oki plant 1 and 2 (1.2 GW), Chiba Odegaura plants 1 and 2 (total of 2.0 GW), Ichihara (1.0 GW), Takeuto (1.1 GW),
and Akita Gulf Coast 1 and 2 (1.3 GW). Total capacity could top 6.6 GW.
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Figure 4
If all of the coal development plans come online,
the total coal capacity will be 62.3 GW by 2030
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These efforts, while commendable, will not be enough for Japan to sufficiently reduce greenhouse gases. First, the Energy Conservation Law stipulates that the average efficiency of all
thermal power plants owned by each operator should be at least 44 percent. But major electric
and city gas utilities, which are now proceeding with the construction of new coal-fired power
plants, currently have in their portfolios a number of liquefied natural gas (LNG) combined-cycle
power plants with thermal efficiency that already exceeds 50 percent. So, constructing
coal-fired plants with thermal efficiency in the range of 30 percent can still enable these
companies to meet the overall thermal efficiency target, even though CO2 emission will
increase.
In addition, the Sophisticated Methods of Energy Supply Structures law requires electric power
retailers to meet a specific ratio of non-fossil power supply. It does not directly control coal-fired
power. So even if the share of power supply from fossil fuels were suppressed and if there were
no further regulatory constraint on coal power or CO2, retailers would favor coal-fired power at
the expense of LNG-fired power given that the latter has a higher marginal cost.
Furthermore, ELCS is a voluntary framework for promoting individual efforts to reduce CO2. It
does not restrict the actions of businesses with conflicting interests. A.T. Kearney doubts it will
be effective in limiting coal-fired generation, especially if defending market share becomes
more important in a deregulated market.
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Paving the Way to a New Power-Generation Mix
How will the nuclear power restart and the addition of new coal-fired plants contribute to
Japan’s surpassing its CO2 emission target? And how much of each power supply source will be
dispatched?
A.T. Kearney modeled daily 24-hour cycles in 2030, focusing on marginal cost and locations for
each power plant. We assumed that dispatch would be carried out in ascending order of
marginal generation cost and simulated CO2 emission based on emission factor and the
operating level of each power plant. Where nuclear power is restarted to the presumed upper
limit (22 percent of generation mix), CO2 emission intensity is 0.42 CO2 kg per kWh. In an
alternate scenario, where nuclear generation achieves the lower limit (15 percent of generation
mix), CO2 emission intensity is 0.45 CO2 kg per kWh. In both scenarios, CO2 emission intensity
would exceed the government’s goal of 0.37 CO2 kg per kWh by 14 and 22 percent respectively
(see figure 5).5

Figure 5
CO2 emission and coal’s share of the 2030 power-generation mix
could significantly exceed the government target
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5

We based our calculations on several other assumptions as well. We assumed that within each power company’s allotted franchise area,
the company would meet demand in the order of nuclear, hydro, and renewables, such as solar. When the power supply exceeds
demand, typically during daytime hours when solar-power output increases, we assumed solar would take precedence over other
forms of power. Next, we assessed demand beyond the franchise area nationwide, calculated the interconnected current flow, and
computed the dispatch order for thermal power based on marginal fuel cost. In this simulation, we assumed the renewables capacity
would align with the government’s target, along with LNG and coal. In other words, capacity includes all planned power plants. For
nuclear, we used the government’s maximum target of 22 percent of generation share and the minimum target of 15 percent, to
account for instances where a facility’s restart capacity or load factor may not reach the government goal (see figure 6 on page 8).
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Figure 6
Assumptions differ greatly for high and low nuclear cases
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Risks of New Large Coal-Fired Power-Plant Construction
A.T. Kearney expects Japan to remain committed to its CO2 reduction targets, in which case
investment in new coal capacity will not be capital efficient because of the need for extensive
suppression of existing coal plants to meet Japan’s CO2 targets.
Analysis of the 17 GW coal plants under development shows that while the initial investment will
be about 3.2 trillion yen, they will contribute to a decrease in fuel costs of only 0.1 trillion yen a
year. The benefit is small because the government will have to limit the load factor on older coal
plants, which have a heat rate that is slightly less efficient, to accommodate generation from the
new plants to meet the country’s CO2 commitment (see figure 7 on page 9).
One way to mitigate increased CO2 emission from the additional coal build would be to use
more renewable energy. However, with costs for renewable energy such as photovoltaics still
expected to be high in Japan based on the government’s analysis, even the lowest resulting CO2
abatement costs would be very high (see figure 8 on page 9).6
For the lowest CO2 abatement cost, an offset mechanism such as emission trading may appear
to be the most rational alternative. Yet this presents issues too. It does not contribute to Japan’s
economy and may become objectionable to the international community should Japan rely
upon it solely to meet its obligation. It is worth noting that with the Kyoto Protocol, only a
fraction of Japan’s CO2 reduction target was achieved through offsets.
Taking a balanced approach utilizing a range of low-carbon tools, including renewables investment,
natural gas, some measure of offset mechanism - when combined with some limitation on coal
generation level - is likely the most prudent path to ensure carbon risk and energy security, though it
will increase the energy cost to some extent.

6

We based our analysis in figure 8 on the Japanese government’s assumption of a photovoltaic generation cost of 18 to 24 yen per kWh in
its target generation mix for 2030. The Ministry of Environment assumes the lower photovoltaic cost in 2030 to be 13 yen per kWh. Even
then, the CO2 abatement cost would be 12,535 yen per ton of CO2, higher than the United Nations Climate Change Conference scenario
of $100 per ton for 450 parts per million.
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Figure 7
Investment in new coal capacity may not be capital efficient
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Figure 8
Cost of different measures for CO2 reduction
Unit cost for CO2 reduction
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The country must reconsider the construction of new coal-fired plants for other reasons as well.
Implementing load-limitation regulations on existing coal plants could be challenging because
of the potential violation of property rights. In addition, utilities may not have recovered their
investments for these plants, so a compensation mechanism would be required.

Now Is the Time to Act
Addressing global warming is an international political issue. Considering Japan’s standing in
the international society, it is unlikely the country will deviate from its climate commitment from
next year until the early 2020s, when a final investment decision about coal-fired construction is
expected to be made.
The risk remains that nuclear power plant generation remains below the government’s target
even in 2030. Amid these two uncertainties—global momentum on CO2 reduction and the
uncertainties related to nuclear restart—proceeding with the construction of new coal-fired
power could result in a waste of trillions of yen and investment risks to businesses involved in the
construction.
To ensure that Japan can meet its Paris Agreement Commitments operational constraint on
existing coal-fired plants will be required, which could result in a different set of issues, such as
a legal challenge against the government on the basis of property infringement. If Japan tries to
offset the increase in CO2 emission from coal generation by increasing renewable energy, it
could risk having to raise customers’ electricity prices.
As Japan looks to transition to a competitive power market, it needs to act urgently to ensure
the constraint on coal-fired generation is adequate to meet its climate commitment.
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A.T. Kearney is a leading global management consulting firm with offices in more
than 40 countries. Since 1926, we have been trusted advisors to the world's foremost
organizations. A.T. Kearney is a partner-owned firm, committed to helping clients
achieve immediate impact and growing advantage on their most mission-critical
issues. For more information, visit www.atkearney.com.
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