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Abstract: Damage to the Fukushima Nuclear Power Plant by the recent earthquake and
tsunami that hit northern Japan should stimulate consideration of alternative sources of
energy. In particular, if managed appropriately, the 25.1 million ha of Japanese forests
could be an important source of wood biomass for bioenergy production. Here, we discuss
policy incentives for substituting wood bioenergy for nuclear power, thereby creating a
safer society while better managing the forest resources in Japan.
Keywords: carbon emissions; forest management; forest thinning; nuclear crisis;
woody biomass

1. Nuclear Power Disasters and Power Generation
Earthquake-related damage to the nuclear power plants of the Tokyo Electric Power Company
(TEPCO) in Fukushima represents the largest economic disaster to hit Japan since World War II. The
Yomiuri Shimbun newspaper estimated on 1 April 2011 that damages due to the 11 March earthquake
and related events at 400 billion yen (US$4.7 billion) for decommissioning the four reactors plus about
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$133 billion in liabilities for compensation if the current nuclear crisis lasts for 2 years (according to
Bloomberg’s 31 March 2011 issue). TEPCO’s stock prices are falling sharply as fires in the reactors
and radiation leaks continue; during just the first two weeks after the quake, TEPCO’s shares lost
about 3 trillion yen. The effects of this unfolding disaster on human health, agricultural soils, and water
resources are likely to persist for as long as 100 years [1–4]. Short-term losses of power are being
compensated for by increased production by coal and oil-fired power plants, but nuclear power is not
the only source of low-emission energy.
Japan annually consumes about 858.5 billion kWh of electricity produced by oil (46%), coal (21%),
natural gas (17%), nuclear fuel (11%), and hydroelectric (3%) power plants [5]. Despite the large
potential for producing electricity using woody biomass [6] and solar power, only less than 5% of
Japan’s electricity is currently from renewable sources. For the Tokyo metropolitan area, Yamanashi
Prefecture, and the eastern portion of Shizuoka Prefecture prior to the quake, the large electric utility
TEPCO supplied 253.2 billion kWh mostly from geothermal sources and nuclear power (Table 1).
The 80.9 billion kWh of electricity once generated by TEPCO’s nuclear facility could be provided
by the burning of 14.6 million tonnes of woody biomass. Based on harvest data from 2003, total annual
wood biomass production in Japan is more than twice that amount, about 31.7 million tonnes [7].
Between 2007 and 2012, the Japanese government implemented special thinning activities in young
plantations (mainly 20–45 years old) to increase annual rates of carbon sequestration to the 13 million
tonnes as cap set by the 2001 Marrakesh Accord of the Kyoto Protocol to the United Nations
Convention on Climate Change (UNFCCC). Etoh et al. [6] estimated the thinning residues in forests
(tops, branches, and foliage) and waste at wood processing factories at 68.6 million tonnes of woody
biomass available annually for generating 381.0 billion kWh (see [6] for calculation) or about
4.7 times that produced by TEPCO’s nuclear power or 1.5 times higher than that generated from all
sources by TEPCO. Therefore, the recent earthquake-driven nuclear disasters would have been
avoided if woody biomass instead of nuclear power was used for electricity generation.
Table 1. Power generation by TEPCO and matching biomass requirements (data from 2009).
Types

Electricity
(billion kWh)
161.20
80.90
10.10
0.01
54.00
306.21
381.04

Wood Biomass Equivalent (1)
(million tonnes)
29.0
14.6
1.8
0.0
9.7
55.1
68.6 (2)

Geo-thermal
Nuclear
Hydroelectric
Natural gas energy
Purchased from other companies
Total
If disposed wood residues left in forests and wood
wastes in wood processing factories were used.
(1)
This is based on the assumption that 20 PJ or 0.28 billion kWh are produced per million tonnes
of wood biomass [8]; (2) Value was taken from Etoh et al. [6].
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2. Forestry Development in Japan
Japan is heavily forested country, with a total forest cover of 25.1 million ha or 67% of the total
land area. Covering 10.4 million ha [9], Japanese plantation forests are dominated by Sugi (Japanese
cedar, Cryptomeria japonica) and Hinoki (Japanese cypress, Chamaecyparis obtusa) altogether
accounting for 70.6% of all planted species. Intensive tree planting was carried out after World War II
to meet the high demand for domestic timber. The industry also created forest sector jobs while it
improved forest ecosystem functions. Unfortunately, a policy introduced in 1961 to promote foreign
timber imports caused domestic timber to no longer be competitive [10]. As a result of this loss of
market share, forest management nearly ceased throughout the nation, Japan’s wood self-sufficiency
decreased from 86.7% in 1966 to 19.2% in 1999, and employment in the forest sector declined by
80%. Furthermore, younger-generation Japanese have not been interested in working in the forestry
sector because of low salaries, resulting in an aging work force [11].
Although many Japanese plantation forests have reached the age at which they require thinning to
promote forest growth and health (e.g., resistance to diseases and soil erosion), thinning operations are
rare due to their high operating costs [12] and low prices for the harvested material [11]. In the overly
crowded stands (unmanaged stands),little sunlight reaches the ground (Figure 1), which inhibits the
growth of understory plants, renders sloped areas susceptible to erosion, and deprives wildlife of food.
One indirect consequence of this wildlife food shortage is increased incidents of attacks on humans by
bears and wild boars as the animals search for food in agricultural and suburban areas [13].
Figure 1. Managed and unmanaged stands in private forests in Hyogo prefecture, Japan.
While undergrowth vegetation can be seen in managed stands (right), no undergrowth
vegetation was able to establish in the unmanaged stand (left). Note: the fallen trees in the
unmanaged stand were the result of late pre-commercial thinning to reduce the highly
dense stem density.

Another result of not managing the domestic forests of Japan is that forests elsewhere are destroyed to
provide the important forest products, a prime example of the so-called “illusion of preservation” [14].
In particular, Japanese demands for cheap foreign wood contribute substantially to the destruction of
tropical forests from which 1.1–2.2 billion tonnes of carbon (about 4.0–8.1 billion tonnes CO2) [15–17]
are emitted annually. Furthermore, new initiatives to promote improved forest management in the
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tropics, including the UNFCCC program to reduce emissions from deforestation and forest degradation
and enhance carbon sinks (REDD+) are likely to result in reduced wood supplies and higher prices as
timber will increasingly be sourced from responsibly managed forests.
3. Promoting Wood Bioenergy as Incentives for Forest Management
Greenhouse gas emissions from nuclear power plants are small and could greatly help Japan meet
its emission reduction targets under the Kyoto Protocol, which Japan committed to cut by 6% between
2008 and 2012 (first commitment period),and pledged to reduce 25% by 2020, and 50% by 2050
compared to emissions in 1990. Nevertheless, given the latest nuclear disaster and the likelihood of
future disasters due to the vulnerability of Japan to earthquakes, using nuclear energy to generate
electricity and reduce greenhouse gas emissions is no longer a feasible option. Not only do such
disasters hurt the economy and society, they also stimulate increased use of fossil fuel to maintain the
power supply, which means more greenhouse gas emissions. In fact, given this problem, Japan is
reconsidering its emissions reduction pledges for the post-Kyoto climate agreements whose
discussions will be held at the 17th session of the UNFCCC Conference of the Parties in December
2011 in Duran, South Africa. Clearly alternative but culturally, socially, economically, and
environmentally alternative sources of energy must be provided. The option to use forest biomass for
generating power instead of nuclear or CO2-emitting fossil fuels deserves serious consideration. In
addition to the emissions and safety benefits, by so doing, Japan could revive its forest industries and
forest ecosystems while creating jobs for young people who are urgently needed to replace the aging
workers. Culturally, trees and forests are important for Japanese society as indicated by the fact that
10,000 commonly used Chinese characters (Kanji) in the Japanese language are the combination of
tree, forest, or both characters. By thinning, forests can also increase timber productivity [18] and
promote the establishment of the understory vegetation [19] and decrease forest vulnerability to insects
and fungi [20]. Furthermore, local people in Japan traditionally manage red pine (Pinus densiflora)
for an economically valuable mushroom matsutake or pine mushrooms through the thinning of
over-story vegetation.
Although thinning was once considered too costly [21,12], with a viable market for woody biomass
as well as for timber products [22], it could be economically viable. In particular, the 70% of the
thinned wood that is currently left on site [6] could be utilized for bioenergy production. Given that
most of Japan’s plantations are on steep terrain, highly productive harvesting machines, like those used
in Europe, need to be developed. Better harvesting equipment would enhance operational efficiency
and increase worker safety and comfort, which would attract young workers to the forestry business.
Since 55% of Japan’s forests are privately owned by more than 900,000 owners [23], small areas of
forests to be thinned could be aggregated into a larger operational unit for the efficient use of
harvesting equipment. Thinning activities could also be promoted through payments for ecosystem
services to forest owners, thereby increasing revenues from managing the forests.
Globally, wood biomass for bioenergy production has been increasingly recognized for its multiple
benefits including but not limit to increasing forest productivity, generating jobs, and reducing carbon
emissions by substituting fossil fuels for energy generation [24–27]. Nevertheless, wood biomass for
energy or wood bioenergy in Japan was once considered too costly [28,29], but in the wake of nuclear
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disasters and in recognition of Japan’s emission reduction commitment, this may no longer be the case.
One impediment to bioenergy in Japan is the lack of bioenergy policies such as those in the European
Union [30]. In trying to reach its goal of a 20% share of energy from renewable sources by 2020, the
EU enacted various policies such as fixed prices for renewable energy and tax exemptions on
bioenergy while it imposed taxes on fossil-fuel based energy and liberalized the electricity market. The
EU also provides grants and loans for setting up bioenergy production and mandates the use of
bioenergy. Even with the currently high production costs in Japan, the price of bioenergy is currently
only about 5 yen kWh−1 [6] compared to 21 yen and 25 yen kWh−1 for energy generated by the
combustion of fossil fuels or with solar panels, respectively. Even with such a low price, large power
companies are reluctant to enter into contracts for the purchase of bioenergy [30]. With appropriate tax
policies, the costs of bioenergy production will become even lower compared to that from fossil fuel
production. For example, the production cost for bioenergy in Sweden is currently 120% lower than
that of fossil fuels when energy, carbon, and sulfur taxes are imposed, in the absence of which
bioenergy production costs would be 38% higher [30]. Also, liberalization of the electricity market
would help break the monopolies of large electricity suppliers, thereby creating more opportunities for
local wood bioenergy suppliers. Furthermore, setting up national and regional authorities to oversee
the good management practices of power companies could help enforce the bioenergy policies while
policy incentives are introduced.
4. Conclusions
Taking into full account the recent and potential future nuclear disasters, the risks of unmanaged
forests, lack of forestry workers, and emission reduction obligations, Japan needs to rethink its energy
policies to reduce reliance on nuclear and fossil fuel generated energy. Further research on wood
bioenergy production and forest resource availability is needed to inform development of effective
policies and enforcement mechanisms.
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