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Abstract

The global warming due to increases of warming gases in the atmosphere has well been recognized
in the world. Reducing the emission of £9 crucial now for every nation together with its regional
governments. As biomass energy resources, discarded and unused woody materials from local forests
will be one of the solutions, as the trees have consumed a great amount tfr@@h the lifetime and
they will emit nearly equal amount of G@hen burning, and the G@berated from their burning might
be able to be isolated from the atmosphere into stofldgeeconomic aspects are always key issue in
biomass energyPutting stress on the economic aspects of biomass energy, the author studied the biomass
fuels for heating units and power plants on its present state and future prospective, in a local city in Hokkaido,
northern island of Japan, where cold and frequent heavy snowing are typical in winter.
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1. Background forest has consumed a great amount of @@ugh its
Energy shortage such as oil and gas has featuredifetime and it will emit the equal amount of G@&hen
Japan, where the society and industry have longburning and the CPliberated from its burning might
covered it by import from rich countries in natural be able to be isolated from the atmosphere in storage. It
energy. Coal, abundantly reserved in Japan, is only arwill have an opportunity to bring great benefits to the
exception. However, unfortunately, most of coal found environment with some measures to reduce the amount
in deep under-ground layers has been defeated in itof the emission greatly. The energy stored in wood is
market by oversea cheap ones produced from opencastble to be converted into useful energy by transferring
mines, and even coal has been imported. heat from combustion to hot water, where boilers play
Mountainous nature with few long and magnificent key role. Biomass boilers have been developed in the
rivers and narrow continental shelves, has impededvorld as alternative heating source generators to coal
development of water, tidal and wind forces as typicalboilers (Saidur and others, 2011, for an instance).
renewable energy. Contrary to the U.S. and other large Biomass boilers are used for heating buildings;
countries, mountainous country does not directly mearindustrial premises, central and municipal heating
rich in usable biomass reserves, particularly in wood plants, farm building, hotels, operating facilities, etc.
since the steep mountains often bring about relativelyin Hokkaido, biomass boilers have widely been in
high market prices of those woody products, inuse (Kuboyama, and others, 2004; Official Website
particular, of discarded wood in forests. of Hokkaido Prefecture 2018a, 2018b; Nisekao's
The global warming due to increases of warming Towns efforts as an Eco Model city).
gases in the atmosphere has well been recognized in the Eventually, the forest should be properly managed to
world. Reducing the emission of @@ crucial now for  keep it well in order to sustainable use of biomass
every nation together with its regional governments,woody materials, and to prevent illegal deforestations
through overcoming any hindrance and negativeand any harmful activity, certificate systems should be
background. As biomass energy resources, discardetkquested for forest enterprises and performing parties
and unused woody materials from local forests will beand persons, together with related regulations
one of the solutions, as the trees have consumed a larg¥amamoto and others, 2014).The Sustainable
amount of CQ through the lifetime and they will emit Green Ecosystem Council (SGEC) established in 2003
nearly equal amount of G@vhen burning, and the GO provides a unique certificate system for forest
liberated from their burning might be able to be isolatedsustainability, which is oriented toward the peculiar
from the atmosphere into storage. As an alternative fuesituation in Japan, where afforestation prevails and a
from local forests will be one of the solutions, as thenumber of small size forest owners holds a majority in
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its society. SGEC has controlled the amount ofiloggg  Although fossil fuels have higher calorific valuerp
activity per year and area, ordered forestationieraf kg. and easy to manage, their prices have been
logging, and set up forestation plans and theidroa unstable and fossil fuel resources are of limited
maps to future. amount of resources.

In the wider definitions, biomass includes p previous study investigated the economic
agricultural and food processing wastes as well a%spects of biomass related ecosystems (Bateman

sewage sludge and animal manure. The paper does nghq others, 2011). However, the society and the
take considerations about them. Two clear reasxiss e market discussed in it are different from those of

One of them is t_hat th? amount of thqse fuel SAUICE e present study. The economic aspects are always
could not be available in cities of relatively shsike . S . !
key issue in biomass enerdgyn the economic point

in populations. The other is that the total amooht . . .
disgafded wood over Hokkaido is about 110mi).f of view of energy, the author studied the biomaeisf
for heating units and power plants on its presates

which 40 mil. ni is utilized as biomass energy source at X ; A .
the present. There remains considerable amount ofnd future prospective, in a local city in Hokkaido
discarded woods to be able to alter to active gnerg ~ northern island of Japan, where cold and frequent
There are a few kinds of biomass fuels that comel€avy snowing are typical in winter.
from local forests. They are wood pellets, precisioy
wood chips, green wood chips, and general discarded. Government policiesfor biomass utilization
wood chips. The main differences between themleill in Japan
moisture content, calorific value, bark percentabe, To promote the renewable energy production and
amount of processing each one goes through, and theiomass utilization for heat and power generation,
price as a consequence. The wood pellets, mosgyener Japan has established a number of policies and
dense one, usually contain a moisture between % anincentives. Basic Act for the promotion of biomass
8%, and they are the driest and easiest to manageitilization in 2009, its Amendment(2016) and Basic
However, the pellets need large forest resources anPlan for the promotion of biomass utilization in120
slightly big consumer markets. Discarded wood chipswere aimed to set basic policies on the developroent
will include the byproduct pieces and chips of technologies for biomass utilization. The mosticait
lumbering, which are slightly different from the policy was “Feed-in Tariff Scheme for Renewable
discarded ones in forests. Energy (Ministry of Economy, Trade and
In the local city the present paper discussestHer Industry:METI) which has been implemented since
moment at least, the consumer market is not largeluly 2012, soon after the tragic Tohoku Earthquara:
enough for the pellets to be appropriate for puepasf ~ Fukushima nuclear power plant accident. Since then,
heating and/or power generation. In the discardeddy wood pellet consumption in Japan has grown up.
the bigger ones are the more useful as fuels. Wnen According to FAOSAT in 2016, the domestic
marketable timbers are taken away from the fothst, production of wood pellets in the last five yearasw
bigger ones are usually left in the forest, duthtocost  only 90t, most of which were exported to the maudet
to remove them, and as a consequence, they remain &hina, and relatively high quality pellets, which
obstacles for afforestation in the forest. covered a larger consumption of pellets in Japameh
The biomass fuel resources are found abundant ifpeen imported from Canada, China, Vietnam and the
regional forests in Hokkaido. For instance, theothers.
Official Website of Hokkaido Prefecture(2018b) To prevent illegal logging for wood pellets on the
noted the amount 1,110,00G/gear of them was left sustainable forest principle, the Basic Act for the
in the Hokkaido prefecture. Such large amount of Promotion of Biomass Utilization has a number of
discarded wood left in the forests aroused thedste requirements for wood pellets and the other biomass
of the regional researchers, to generate energy fouse. Some of them are noted as follows:
heat through boilers for the regional societieseylh -Mitigation of global warming,
soon found the transport cost of the discarded wood
from the forests to boilers caused a main hindrance o i ]
in this renewable energy usage, which included -Full utilization of different types of biomass,
secure of transport measures, including preparing -Considerations of environment preservation.
devices to transpothem. The transport measures are Under the Ministry of Agriculture, Forestry and

often ~expensive. Both natl_onal and reglonal . Fisheries’ (MAFF) slogan, “illegal harvested timber
governments support the project by purchasing Mallhould not be used”, the Clean Wood Act went into

particul_ar devices andfor granting suk_)sidies to theforce in 2017, since illegal imports of wood prottuc
enterprisesUp to the present, the society of ‘]apanthrough complex trade routes had not been blocked.

has relied on imported fossil fuels to large extent As to wood chips, the standardizations are stithat

-Revitalization of rural areas,
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development stage, probably due to no notablertgadi content of the wood fuels designated Wy, is simply

market in Japan for the moment. given by

Uw = (W- W) / W x100 in % 1)
3. Methodology whereW, is the mass of the wood fuel in perfectly dried
3.1 Calorific values of wood chips conditions andW is the mass of the one in actual

Among a variety of kinds of tree, Japanese larch,conditions. Heat potential estimations were caroet
abundant in Hokkaido, was focused. Japanese larcfor actually available wood chips, applying the gien
timber is mainly processed for general timber mirke formula (1).

and for paper industry as pulp. Pictures of a foaesl 3 5 \grket prices of timber and fuel oil
discarded wood conditions of Japanese larch arersho Monthly average timber prices are available on the

in Fig. 1. They were taken in Engaru, local t©own in wsin_yyrin Shimbun, timber market newspaper in Japan
Hokkaido, at the time Whgn the National and Private aq t5 the both of fuel prices, the actually paiits by
Forests Meeting was held in this area. the City of Mombetsu were adopted in this study.

The Stylus TG-630 camera (Olympus Tokyo, Japan) These prices are key factors on this theme. Thaule h
was used. Analyses were carried out, using theéndag been a few discussion papers published on thesprice
and IrfanView. before (Yoda and others, 2010, 2011, 2012a and2012
Vesergaard, and others, 2011a and 2011b; Chahal and
others, 2011; Phan and others, 2013; Yoda and sjther
2017). The experience led to adopt the abovemeadion
price system.

A: Deforestated feature

4.Results and Discussion
The trees in Hokkaido have reportedly around 4,000
- 5,000 kcal/kg. The heat potentials oveeal kinds of
wood are available in various reports..Eighows one
of them (Official Website of Japan Woodchip
Manufacturers’Association, 2018). Those data were
‘ obtained by use of a cone calorie meter in comiglete
= e ‘ dry conditions.
AN N Y
C d e 5000
a) warped wood shaft nearby ground, b) twisted part 4500
the middle of shaft, c) bough, d) slender shaftsaie 4000
for pulp, e) thin shaft up to crown and twig
Fig. 1 Japanese larch in Hokkaidmodified
illustrations via Official Website of Hokkaido
Prefecture, 2018c¢)
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Calorific assessment is crucial for each available O aain  Jmanese | Jdezo  Japmnes | Osk | Japaness
. . . H fir larch spruce beech zelkova
wood chip for boilers. There remain variety of Fig. 2 Calorific valueof several kinds of tree
arguments on standardization of calorific assesswen
wood chips for even wood-burning stoves. Actual
calories of burning wood fuels are dependent on theThe calorific values of trees in the ideal moisture
moisture content of them, and on various factasshs conditions were found of a little difference amaheg
as wood materials themselves, boilers and structofre  kinds of tree.
power plants, including the storage conditions. It has been empirically well known that the heat
In this paper, the author decided to choose thepotentials of wood or wood chips are dependenthen t
calculation method available at the web site ofadlap moisture or water content in them. The traditiotaia
Woodchip Manufacture’s Association 2018. The tell the woods of 20% water content has as much as
calculation scheme, originally for cone calorimgisr  double calorific value to those of 100% contentsne
on the base of perfectly dry wood conditions, aiifto  and the woods within 10-20% water content are ideal
the moisture contains in actual wood fuels evethat for burning for heat generation, while in realitypst of
furnace to some extent. woods for heating have around 30% water content,
The fraction of the evaporable moisture /water except for extreme cases.
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Fig. 5 Monthly oil and wood chips price deviations.

Calorific values in the different moisture conditso Deviations in price of heating oil (black circles),
were obtained by collecting and analyzing thosenope those of fuel oil (white circles), and those of woo
web data, as shown in Fig.3. chips. Squares are as same as in Fig.4.

There has been no reliable data about the
water/moisture contents of each portion of discérde Monthly fuel oil price and wood chip price
wood which is kept in the same natural conditions.deviations are shown in Fig.5. The oil price varied
Boughs and twigs would have rapid responses to théhroughout the year and its trend was of typicadsoim
change of ambient moisture content, that is to say, the regions cold in winter and warm in summer.
rainy days or in dry and windy days. Together ftis, However, it should note that the recent oil pricntls
heat mass volume of boughs and twigs is minor inhave been affected by the global markets and
biomass heating and wood chips are usually stared iinternational political policies.
open enclosures. As far as the timber market concerns, the price of

Taking account of these, in practice, the heatbroad-eaf timber was th highest among tse three
potential of biomass wood chips would be assumed td&inds through the year. The Japanese larch was the
be the value of the market timber approximately, cheapest. The prices of both Sakhalin fir and
probably without choice, particularly in the cask o Japanese larch had similar trends.
feasibility study of wood chips for biomass heatiRy. Discarded wood for power plants has advantages in
3 suggests that the wood chips could have the heagost and emission, although another advantage,hwhic
potential of 3,000 kcal/kg, while fuel oil has 9060 Will accrue to much Dbetter circumstances for
kcal/kg in the EU industry. reforestation, has been never recognized in thoses

The price trends of biomass wood and the price of The disadvantages of the discarded wood chips lye
fuel oil, as a strong competitor in energy marketm with their thermal qualities, in particular, water
the staple of the total costlonthly timber price trends ~contents; depending on the portions of trees while
are available in the Min-yurin Shimbun in 2015. discarded, and natural conditions during the starag

The wood chip price market was found stable Especially in Hokkaido, winter season with snowing
through the year. The wood chips of broad-leafstree lasts six or seven months. The discarded wood @rigps
have the highest price, and a notable differencsisein  kept in wet conditions for a long time.

the prices between the wood chips of broad-leafthad Drying discarded wood chips will be technically gas
others. but it requires the energy for drying and closedagie
9,000 rooms, likely bunkers. Such additional, relativaigh,
5000 | 4 m = w " o ® o m om W o expenditures of energy, equipment and facility @ n
7,000 meet the market principle.
o 8000 The combustion of wood fuels in boilers requires th
Towo| B B B B E B BB B 8 B B invariance of the thermal quality of them to getera
< 400 the maximum efficiency in combustion by easy cdntro
£ 2000 Conversely, boilers need a high capability whemsfu
2,000 of various thermal qualities are stoked up at ramdo
1,000 into the furnaces, and shall meet the safety réignk
o : : - . - - at the same time. Eventually, such boilers arehslig
Month (2015) more expensive than pellet fueling boilers, where

burning dry and nearly homogeneous wood fuels and
being easily controlled, and much more expensia¢ th
oil fueling boilers.

Fig. 4 Monthly price trends of discarded woods.
Broad-leaf trees (back squares in the figure),
Yezo spruce and Sakhalin fir (grey squares),
and Japanese larch (white squares).
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. If wood fueling boilers are working well for a long

. * .Y . time, without serious slagging and fouling problems
the difference at initial investment could be cctiésl
through the operations over 15 years due to loeepof
fueling wood.

As beforementioned, under the new government
energy policy to reduce carbon emission, local
governments have been demanded to use the discarded
wood for heating units and power plants, where éhos
; ; Y . ; o o biomass materials could be available. Local

Month (2015) governments such as the city of Mombetsu had
Fig. 6 Price trends of wood and oil fughese are established the subsidy scheme for the discardedi wo
actual prices for both heating oil (black dots) and mainly for its processing expenditures. The city of
fuel oil (white dots). Mombetsu, for instance, has granted 300yérsimbsidy
to utilizations of unusable timber materials fore th

The prices in Fig.6 are those of actually paidtly ~ biomass power plant.
city of Mombetsu. Fig. 6 suggests, to protect bissna The Hokkaido Prefectures grant the subsidies fer th
industry, the city had controlled the price of basa  acquisition of boilers burning unusable wood mailseri
wood. and other necessary facilities (Official Website of

The price of 300kW biomass boiler is around 3®—- Hokkaido Prefecture, 2018d). The similar subsidies
million yen in Hokkaido, while in Europe the simila afforded the city of Mombetsu to support a hospital
boilers are available at the price of about 5 willyen. management where biomass boilers are working for

The other disadvantage lies with the process ofheating system.
discarded wood chips from forest to power plante Th  Enlargement efforts of the local consumer’s market
high processing cost of them consequent the woodvould contribute further reduction of the cost aslvas
chips had been discarded in forest until the tifie ototal amount of carbon emission, where the role of
reforestation. proximity dimensions in facilitating biomass power

The author obtained the data as high as 10,00@lants should be demanded.
yen/m?for the processing cost estimations from several
companies. The cost should be added to the tosélodo  5.Conclusion
biomass power plant. Biomass power plant using wood The economic aspects are always key issues in
chips as basic fuels would hardly survive undethsuc pjomass energy. Putting stress on ite tauthor

high cost structure. , studied the biomass fuels for heating units poder
To find and examine another relatively cheap WOOdeants, discussing their present state and future

material had naturally been carried out to solvg ¢bst prospective, in a local city in Hokkaido. There are
problem. They were by-products and residues fromgeyera| problems left in the effective use of biema
wood processing industry (BPS in brief). The author \aiarials. To solve them, the local governments
obtained the market price of those wood mate”alstogether with the local communities will have to
around 1'.000_3'500 yer_ﬁm . assume the executive responsibilities on the bismas
A previous study derived the conclusion by costgqes.
simulations: when the price of BPS in market hovers Since we can no longer leave the nature to
around or goes over 3,605 yer/ithe profit of biomass manage itself under our onslaught, changing the

power plant would be likely to accrue (Nakama anddiscarded or wasted materials to be useful energy
others, 2011). The study also estimated the passibl

highest price about 6,800 yerf/m resources could be_ one step forward _to realize the
The price of BPS materials were lower than thafse healthy nature again as well as sustainable human

discarded wood. In case of the unusable timberschip ~SOCIEty.

the base fuel materials for boilers, the total dost

generation of heat or energy would be considerably

reduced. However, a question arises; whetherleeti ~ ACknowledgements

industry could provide the amount of such materials The author is grateful to Mr. Shuichi Tokusho, a

enough to stable use for the boilers as its baske fiu ~ Manager in the biomass section of the city of

practice, the wood fuels for power plant would be Mombetsu for his warm support. The author would

blends and mixtures of discarded wood and BPS chipdike to extend the author’s deepest thanks to the

Another problem still remains; the cost of boilées  reviewer for his painstaking reviewing work.

them, in comparison to oil fueling boilers.
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