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Small-Scale Environmental Impact Assessment in Japanese Private Industrial Forest — A SWOT
Analysis Based on Risk Management Processes

Dennis GAIN ™*

Abstract

Environmental impact assessment (EIA) has been an established measure to mitigate environmental risks in
various larger construction projects around the world. In Japan, the management of private industrial forest is
highly dependent on governmental financial stimulus which has led to a planned top-down management
scheme guided by the Ministry of Agriculture, Forestry and Fisheries. However, the identification, prediction,
evaluation, and mitigation of potential environmental hazards due to human action in forest ecosystems in
Japan is currently not a component within the scope of management of local private industrial forest. The
purpose of this study is to analyze the potential of implementing the recently established Japanese forester
system into the collaborative risk management process of Local Expert Risk Mediation (LERM) for the
possibility to introduce environmental impact assessment at a I-scale in local private industrial forest. A
grounded-theory approach was conducted by collecting qualitative data from local forest officials. It was
found that at the current time activities by foresters are usually limited to enhancing the efficiency of
roundwood production, and therefore do not show characteristics compatible to the early stages of EIA. This is
likely to the fact that management shows strict top-down characteristics. An implementation of foresters to
take role of mediators within the core of LERM has, from a theoretical and practical perspective, the potential
to enable bottom-up management, and therefore allow room for the implementation of EIA in small-scale
private forestry.

Key words: sustainable forest management, mediation, policy decentralization, Japan

1. Introduction

For more than a century, forest planning in Japan has been the essential method to implement forest
management strategy and policy at local level. The Japan Forest Planning System (JFPS), setting out national
forest management plans for private and non-private forests in prefectures throughout the nation, takes over
the administrative role of implementing national forestry visions and goals. Forest planning in Japan has been
essential for a variety reasons. (1) Japanese forest policy is arranged in forestry related laws, all pointing out
the significance of multi-functional forestry, however, enforceability is highly limited at the local level. (2)
Regional and local forest plans are dynamic and regularly renewed based on the developing and environmental
conditions of forests. (3) Financial support schemes for the implementation of forest management actions in
private forests such as thinning and rejuvenation are embedded in the JFPS. However, with the current
worldwide trend towards the promotion of Sustainable Forest Management (SFM), the participative role of

private forest owners in forest management decisions has become a significant requirement in local small-

* National Institute of Technology, Kochi College, Dept. of Social Design Eng., Associate Professor



LS IRV S &N YA TR vl 4 SV, e o i e e o S 101 X2

scale management decision making to achieve a shift from forest exploitation to sustainable forest use.
However, such a shift is likely only to be realized with adequate local incentive-based policies, and guidance.
The recently introduced Forester scheme by the Ministry of Agriculture, Forestry and Fisheries was
established to facilitate its vision of creating a secure environment for future generations. Previous research
conducted by the author suggests that forester qualifications were predominantly taken by officials working at
forest owners’ associations (FOA). Despite these new foresters possessing the qualifications for influencing
sustainable management decision at the local level, it appears that most of these officials returned to their
previous jobs resuming the work they performed prior to taking the forester qualification, without or little
adaptation to activities that would influence a shift toward a more sustainable forest use. The purpose of this
study is to conduct a follow-up institutional analysis, and mainly discuss the applicability of pairing the
current forester scheme with Local Expert Risk Management (LERM), a mediation-based risk management
structure developed by the author in 2018, as can be seen in Figure 1, and as described in previous research. In
this analysis, the concept of LERM shall provide guidance at the local level for forest management actions that
would consider environmental aspects in decision-making related to forest intervention incorporating EIA,
and therefore, improve the likelihood for a sustainable management outcome as it is defined in international

context.
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Figure 1: Local Expert Risk Mediation Process

2. Methodology

This study follows a grounded theory approach with open coding. Officials and foresters at two forestry
related government and non-government offices in Kochi Prefecture were interviewed on two systematic

issues (1) the Strengths, Weaknesses, Opportunities, Risks, and implementability for incorporating EIA to the
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current purview of foresters, and (2) the Strengths, Weaknesses, Opportunities, Risks, and implementability
for incorporating the new forester purview into LERM as a means to take the role of Risk Mediation for
stimulating decision-making processes between a) the private forest owner, b) the forest owners’ association,
and c) the decision-making body for granting subsidies for forest work at the forest department of the
prefectural government. Following coding, data was summarized in a SWOT grid separately to each
respective party. Finally, relations between items within the finalized SWOT grid were identified and

discussed.

3. Results

It was suggested in the Introduction that the concept of LERM could have the potential to provide
environmental and sustainability guidance at the local level to influence forest management decision-making

processes by focusing on forest intervention incorporating EIA.

Strengths Weaknesses

- Centralized at local level - Short-term decrease of operation efficiency
- LERM communication in exchange for policy

- Multi-stakeholder involvement in decision-making
processes including private forest owners and

- Larger administrative effort necessary
- Forester purview limited to industrial production of

environmental conservation groups roundwood
- Change of forest legislation may not be required
Opportunities Threats
- May result in a restructuring of local forest subsidy - Compatibility issues with MAFF forest planning

scheme for mixed forests

- Forester independence as mediation party

- EIA as risk mediation tool for decision-making
processes

- Risk of loss of regional competitiveness

Figure 2: SWOT analysis based on EIA and forester integration into LERM

It was found that the involvement of foresters in taking the role of risk mediators to perform EIA may hold an
opportunity but also a weakness. The opportunity being that foresters would currently fill the empty gap of
performing EIA and risk mediation within LERM. The weakness is that the purview of foresters is currently
limited to the efficient production of roundwood rather than an efficient production of ecosystem services.
The strengths of EIA and forester integration into LERM were reported to be local-level centralization which
could interfere and pose compatibility issues with the forest planning of the Ministry of Agriculture, Forestry,
and Fisheries due to its top-down management approach with management decisions being made at the
national level. Another strength may be that a change of forest legislation may not be required to produce
sustainable outcomes, because centralized mediation, if successful, can lead to consensus among main
stakeholders, as these are incorporated in the decision-making process.

As for Opportunities, the prospect of foresters as independent mediators applying EIA during consensus-
building processes among stakeholders, was reported to potentially lead to a restructuring of the current
subsidy scheme for forest works in private forest, in terms of limiting financial support for works for forest
exploitation and including support for alternative works that lead to sustainable forest structures focusing on

ecosystem services.
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Threats of EIA and forester integration into LERM were reported to be compatibility issues with MAFF forest
planning. Moreover, incorporating EIA and foresters into current decision-making structures is likely to

increase the cost of roundwood production which would affect regional competitiveness, at least in the short
and medium terms.

4. Discussion

4.1 Implementation scenario
Respecting the findings of the SWOT analysis demonstrated in Results, a possible implementation scenario of
LERM with EIA and forester integration is shown in Figure 3. The left illustration shows the currently

administered management scheme. The illustration on the right shows the LERM Forester EIA Risk
Mediation Scheme. The improvements are:

(1) the workplace of the forester moves from the Forest Owners’ Association to the respective municipality
silviculture department. The forester becomes a public servant with decision-making authority regarding the
assessment of the sustainability of forest as defined by international norm and issues EIA statements (EIS) to
the Prefecture Forestry Promotion and Environment Division. Based on the outcome of the issued EIS, the
Prefecture discusses an appropriate forest management action plan under forester guidance, which is adequate
for each individual forest site. Subsidies for forest works are issued whenever appropriate. Suggestions for an
adaptation of the subsidy scheme to better serve a long-term sustainable outcome are communicated bottom-

up to MAFF. Forests structures being unique and non-comparable depending on site, enabling bottom-up

National Level National Level
Ministry of Agriculture, Forestry and Fisheries Ministry of Agriculture, Forestry and Fisheries
(Forestry Agency — Forest Management Bureau) (Forestry Agency — Forest Management Bureau)
Prefecture Level Prefecture Level
Kochi Prefecture State Government Kochi Prefecture State Government
(Forestry Promotion and Environment Division) (Forestry Promotion and Environment Division)
Municipality Municipality

Kami City Industrial Promotion

Kami City Industrial

Division Promotion Division

Kami City Silviculture

Merging of
Subsidies
Merging of
Subsidies

Kami City Silviculture Department

Department Forester workplace
Kami City Forest Owners’ NGOs Kami City NGOs
Association Universities Forest <ERM EIA Risk Mediatior> Universities
. Owners’ .
Forester workplace Research Institutes Association Research Institutes
Forest Unions Forest Unions
{ -|/- General Public \/ General Public
. Wood Processing . Wood Processing
Private forest owner Private forest owner
Industry Industry

Figure 3: Current management scheme (left), LERM Forester EIA Risk Mediation Scheme (right)
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communication between MAFF and the Prefecture allows for MAFF to better understand the resources

necessary for producing long-term sustainable outcomes.

(2) EIA is performed by the risk mediator (forester) as defined by international norm during site assessment.
Currently, this site assessment is solely performed by the Forest Owners’ Association. EIA is performed in
four steps and involves the risk mediator, private forest owner, Forest Owners’ Association, and other forest
stake holding organizations focusing on environmental conservation, industry, and society. EIA is performed
by the risk mediator and the municipality forest department and then mediated among stake holding
organizations in stages 9 and 10, as demonstrated in Table 1. The Environmental Impact Statement (EIS) will
act as the guideline to steer and facilitate decision-making. To implement decisions, subsidies are applied as

usual, whenever applicable. The current subsidy scheme is revised according to forest sustainability needs that

are revealed during LERM.

Table 1: Stages of EIA

Stage

Definition

1. Project screening

Narrowing of applications of EIA to projects
with high environmental impact risk

2. Scoping

Early-stage identification of environmental
risks and potential alternatives

3. Consideration of alternatives

Consideration of other feasible approaches
including location, scales, processes

4. Description of project

Clarification of purpose and rationale of the
project and its characteristics

5. Description of environmental

Establishment of present and future state of

baseline environment incorporating changes from
natural events and human action
6. Identification of main impacts Identification of positive and negative

environmental impacts

7. Prediction of impacts

Identification of the magnitude of the identified
environmental impacts by comparing the
present and future situation

8. Evaluation and assessment of
significance

Assessment of the significance of the predicted
impacts

9. Mitigation

Introduction of measures to avoid, reduce, or
compensate for negative impacts

10. Public consultation and
participation

Maintains the quality, comprehensiveness, and
effectiveness of EIA by incorporating public
views in decision-making processes

11. Environmental Impact Statement
(EIS) Presentation

Prevention of negation of EIA progress

12. Review

Systematic appraisal of EIS quality as a
contribution to decision-making process

13. Decision-making

Consideration of the relevant authority of the
EIS

14. Post-decision monitoring

Recording of outcomes associated with

development impacts

15. Auditing

Comparing of actual outcomes with predicted
outcomes to assess the quality of predictions
and mitigation effectiveness
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(3) Forest owners keep their positions, however, take an active role in EIA Stages 9 and 10. Such a change in
forest owner behavior has several managerial advantages. Currently, the forest owner takes a passive role in
decision making processes. The subsidy scheme awards financial support in exchange for the forest owners’
authority to make decisions regarding the management of their forest land. This buyout of authority leaves the

forest owner in a passive position.

4.2 Adaption of the subsidy scheme

For financial support strategies that involve sustainability risk, economic, environmental, or social, to be
effective they are required to be assessed upon predictability (Stage 7) and outweighed equally prior to
implementation. Stakeholder demand is varied and requires efficiently balanced policy and adequate
stakeholder mediation. Otherwise, the risk may occur that certain interest groups become favorized leaving
behind the interests of other stakeholders '?. This is a common phenomenon in Japanese forestry where forest
management decisions are usually made while excluding the stake of environmental conservation groups.
However, the implementation of these prerequisites of Sustainable Forest Management (SFM) seems to be
problematic. Japan’s legal framework does not allow the passing of legally binding prefecture-level forest
laws, and national forest policy addresses SFM in a very general and rather undetailed sense . In addition,
unlike other industrialized nations, Japan is not in possession of a forester system where foresters are given the
authority to enforce forest law, or at least hold a position that would be capable of acting as a source for
professional silviculture information, let alone to act as a mediator to negotiate the demands of local
stakeholders. It is of general public interest to maintain vital forest, however, an internationally increasing
demand for roundwood may increase the uncertainty of forest management like never before . SFM delivers
the framework for sustainable development, but it is not a concept to eliminate uncertainty ®''9).
Sustainability risks continue to be a significant challenge in decision making processes and any centralized
top-down policy is an insufficient measure to address them '®. Decentralization of forest policy and
management seems to be the logical move towards successful implementation because of the unique
characteristics of every forest and surrounding habitats. Therefore, local policies and support measures should
incorporate stakeholder assessment to see whether decisions are appropriate for the target environment ).
The homogeneity of tree plantations and their negative effects on the production of natural capital should be
reevaluated, and proper mediation between private and non-private stakeholders will play an important role in

this process ('*'%.

4.3 EIA within LERM

Including EIA in decision-making processes at the local level may have the potential to produce more
sustainable decisions. Currently, decisions on how to perform forest interventions, as well as forest design are
predominantly made between the forest owner and forest owners’ associations. As both parties usually pursue
for-profit strategies, environmental factors are seldom considered. Foresters would take the role of mediators
and perform EIAs that act as a guideline within the scope of LERM for the prefecture to award subsidies (see
Figure 3). As this would require communication about environmental matters, the need for a redesign of the
currently used subsidy scheme may occur to improve the compatibility with decisions. Moreover, the
inclusion of EIA would require the collecting and analysis of information from a wider range of stakeholders,
such as environmental conservation groups, to administer it in the appropriate way. The chance is that
environmental conservation groups could become an active and essential part in the EIA and forest

intervention related decision-making process, since foresters being no experts in environmental issues,
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wouldn’t be qualified in providing proper environmental advice, and therefore, not be in the position to
perform EIA. Mediation, however, may not produce successful outcomes in certain cases as the need for

consideration of environmental matters is momentarily not backed by enforceable policy.

4.4 Risk mediation and competency

The first step in implementing risk mediation in forest management may be a clear definition of risk-politics in
which the central principle of management is formed. The central principle addresses the unique local
characteristics of forests, as well as the various demands of stakeholders. Risk-strategy refines and structures
the central principles into applicable action instructions. Like forester systems, risk mediation combines intern
and extern risk communication to act as a driving system that has the aim to effectively administrate among
stakeholders to produce fair and sustainable decisions. Vital in this approach is the unbiased treatment of risk
management as a dynamic process; identification — assessment — implementation — control —
monitoring *). Sustainability risks are not one-time phenomena and require constant monitoring and control.
However, for risk monitoring to become effective, an adequate level of risk competency is necessary. Risk
itself is an abstract construct lying somewhere between complete confidence and complete uncertainty and
perception can therefore differ from individual to individual ®. The possession of an adequate degree of risk
competency is vital for managers and the local public to be able to assess risks and their possible outcomes
over a wider spectrum, and to enhance local risk decision making processes. A risk management approach that
incorporates effective local stakeholder collaboration, a proper degree of risk competency, and with access to
market and technology information, investment opportunities, unharmful promotion programs, and
transparent forest policy may be a more efficient forest management approach in terms of achieving

sustainability.

4.5 Sustainable involvement of private forest owners
Dynamics in Japanese domestic wood markets and policy development would make extended stakeholder

participation inevitable !”

. There is an increasing loss of interest of private forest owners in forest
management that involves activities other than the creation of fast financial value. Even higher subsidies do
not seem to be enough of an incentive for active participation anymore '), Therefore, the introduction of
new financial incentives for public forest management projects, as frequently introduced by the Japanese
forest planning system, bring about the elemental risk of merely “purchasing” forest owner participation .
These types of currently existing one-time agreements are not designed for a long-term relationship, and
interest shown by forest owners is in most cases simply for the present moment. If forest management projects
require participation of private forest owners, long-term active involvement should be targeted to avoid such a
loss of interest. As other research has observed, the reason for lack of active long-term participation is in the
least cases lack of capital, but instead lack of available information on available market chances, access to
silvicultural technology, forest law development, and taxation support. Investments that would have been
made by private forest owners themselves with proper advice and guidance are lost with one-time subsidy
projects @. To achieve a condition in which communication with and among multi-stakeholders is effective, a
shift from passive to active forest owner participation in management issues is likely to be unavoidable in the

long term.
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5. Conclusion

As stated in Introduction, the purpose of this study was to discuss the applicability of pairing the current
forester scheme with Local Expert Risk Management (LERM), and conduct EIA at the local-level in order to
realize alternative management approaches that focus on forest as ecosystems, rather than predominantly areas
for the industrial production of marketable roundwood. The SWOT analysis provided insight into the pros and
cons of how foresters could apply EIA at the local level while mediating sustainable forest management
approaches among stakeholders. While a shift from top-down management to LERM may lead to production
inefficiencies for the short and medium terms, it is clear that LERM may have the potential to realize
management structures and outcomes that are conform with international sustainability standards in the long
term, even without or a minor need for policy adaptations. Nevertheless, implementation of LERM may face
the challenge of being rejected by local authorities if the advantages of LERM cannot be communicated
effectively. Rather than presenting the concept of LERM at the executive level to organizations individually, it

may be necessary to discuss the advantages simultaneously to allow room for interaction.

Future research

Future research is highly encouraged and should include follow-up work on the complicity in how mediation
and EIA are to be executed, which incorporates equal rights communication and decision-making processes
among stakeholders through collaborative risk management. Especially the consultative role of risk mediation
regarding authority structures, decision making processes, as well as the formulation and access to long-term

participation strategies should be included.
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Does Thai students’ ability to distinguish between the Japanese [g] and
[k] sounds affect their perceived difficulty in learning chemistry?
— Analysis Textbooks by Text Mining —

Atsuko ONUMA

Abstract

As the Thai language has no [g] % sound, Thai students may face difficulty in distinguishing between the [g]
and [k]® sounds. This study examines whether the distinct Japanese [g] and [k] sounds affect Thai students’
perceived difficulty in learning chemistry in Japan. The author hypothesized that students’ difficulty in
understanding might be caused by the large number of words including [g] and [k] sounds in their textbooks.
The research method is text mining and analysis of a chemistry textbook by using the KH Coder 3. Beta.03i
software. The data suggest that [g] and [k] sounds appeared more frequently in terms in the chemistry textbook
than in the corpus of all science vocabulary. This indicates that the ability to discriminate between [g] and [k]

sounds is crucial to understand chemistry.

Keywords - Text Mining, KOSEN, Chemical Terms, Japanese Phonetics, Thai native speakers
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Leben mit der Natur im Spiegel der Haiku-Dichtung

Masatoshi SASAKI™

Abstrakt

In der Struktur der modernen Technik wird der Mensch, Heideggers Betrachtung zufolge, ausschlieBlich dazu
herausgefordert, das Wirkliche als Niitzliches zu bestellen. Demgeméaf hat der Mensch dort keine Moglichkeit
mehr, das Wirkliche als solches zu sehen. Darin zeigt Heidegger die Gefahr der modernen Technik auf, und
gerade dort deutet er aber in der Kunst, insbesondere in der Dichtung, eine Mdoglichkeit des ,,Rettenden an.
Heideggers Ansicht zufolge geschieht im Kunstwerk die Wahrheit des Seienden. Im Kunstwerk kann das
Seiende als solches entborgen werden. Das Wesen der Kunst zeigt sich, Heideggers Einsicht nach, als
Dichtung im weiteren Sinne und eine davon ist die Poesie als Dichtung im engeren Sinne, die in aller Kunst
eine ausgezeichnete Position einnimmt. In der Dichtung nennt der Dichter alle Dinge, Heideggers Erlduterung
zufolge, mit dem wesentlichen Wort in dem, was sie sind. Durch diese dichterische Nennung werden die
Dinge als Seiendes zu dem ernannt, was sie sind.

Das Wesentliche der Dichtung, das Heidegger philosophisch erfalit, kann, meiner Interpretation nach, auch in
der Haiku-Dichtung erkannt werden. Als wesentliche Regel wird in der Haiku-Dichtung ein spezielles Wort
namens Kigo als fester Bestandteil benutzt, das allgemein nur in Verbindung mit einer bestimmten Jahreszeit
gebracht werden kann. Ein Haiku-Dichter verfafit ein Haiku, indem er selber inmitten der Natur Naturdinge in
einer bestimmten Jahreszeit erfahrt. Auf diese Weise ist die Haiku-Dichtung besonders eng mit der Natur
verbunden. Das dichterische Prinzip des Haiku-Meisters Matsuo Basho, ,,iiber die Kiefer von der Kiefer als
solcher zu lernen, iiber das Bambus vom Bambus als solchem zu lernen®, bedeutet, dal} ein Dichter von seinen
subjektiven Vorurteilen entfernt sein und dann Naturdinge als solche erfahren soll. Im Werk des Haikus
konnte dann, wie Heidegger spricht, die Wahrheit der Naturdinge geschehen. Auflerdem hat Basho kein Werk
geschaffen, das die Natur als Gegenstand nahm, sondern die Haiku-Dichtung zeigte sich fiir Basho als nichts
anderes als Leben mit der Natur. Basho lebte inmitten der Natur und erfuhr selber unmittelbar Naturdinge, und
diese Erfahrung zeigte sich als Haiku-Dichtung. Die Haiku-Dichtung ist in diesem Sinne eine praktische Form
des menschlichen Lebens mit der Natur inmitten der Natur.

Wie wir also bei Heidegger und Basho feststellen, konnen wir in der Dichtung erfahren, da3 das Ding als
solches entborgen wird. Die Dichtung wiirde uns, meiner Meinung nach, in der heutigen Zeit die Gelegenheit
geben, die Welt bzw. Natur anders als sonst zu sehen. Vor allem die Haiku-Dichtung steht in einer besonders
engen Beziehung mit der Natur und gibt uns die Moglichkeit, Naturdinge als solche zu erfahren. Die Natur so
zu sehen, wie sie ist, bedeutet, sie so zu respektieren, wie sie ist, und dieses Verhalten zeigt sich als eine

praktische Form des menschlichen Lebens im Einklang mit der Natur.

* AuBerordentlicher Professor des Staatlichen Instituts fiir Technologie, Kochi, Japan.
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Einleitung

Als ob man fragen mifite: ,,Tragen Veilchen zur Schonheit von Friithlingsfeldern bei?“, strebt man in der
modernen Gesellschaft ausschlielich der Niitzlichkeit der Dinge nach. So wird beispielsweise eine in den
Bergen gefundene schone Wasserquelle fiir Getrankehersteller zu einem ,,kostlichen Wasserprobengebiet®,
und eine an Schonheiten reiche Landschaft wird fiir Immobiliengesellschaften zu einem ,,beliebten
Erholungsgebiet. In der Situation, in der Menschen nur noch den Nutzen der Dinge verfolgen und die
Einstellung verlieren, Dinge so zu sehen, wie sie sind, hat Heidegger in seinem Vortrag ,,Die Frage nach der
Technik* (1953) auf die ,,Gefahr* der modernen Technik hingewiesen. Wenn es doch etwas gibe, das
Menschen vor der ,,Gefahr der modernen Technik retten wiirde, dann wire eine davon, Heidegger zufolge,
die Kunst. Insbesondere durch die Dichtung als Kunst konnen Menschen die Dinge erfahren, wie sie sind. Daf}
die Dinge als solche in der Dichtung offenbart werden, konnen wir auch in der japanischen Haiku-Dichtung
erkennen. Die Haiku-Dichtung zielt darauf ab, vor allem die Dinge der Natur so auszudriicken, wie sie sind.
Hier konnen wir die Moglichkeit der Dichtung finden, die jener Tendenz widerstehen kann, nur der
Niitzlichkeit der Dinge in der modernen Gesellschaft nachzujagen. Dariiber hinaus ist die Haiku-Dichtung
schon eine Haltung, die die Natur selbst respektiert, da sie die Dinge der Natur so sicht, wie sie sind, und in
diesem Sinne wird die Haiku-Dichtung, radikal gesehen, als eine der praktischen Formen des Lebens mit der

Natur angesehen.

Nach Heideggers Verstindnis in Der Ursprung des Kunstwerkes (1935/36) vollzieht sich im Kunstwerk ,,die
Wabhrheit des Seienden®, d. h. ,,das Entbergen des Seienden®. Mit anderen Worten: Im Kunstwerk zeigt sich
das Seiende bzw. das Wirkliche als solches. Heidegger sagt:

Das Kunstwerk eroffnet auf seine Weise das Sein des Seienden. Im Werk geschieht diese Eroffnung, d. h.
das Entbergen, d. h. die Wahrheit des Seienden. Im Kunstwerk hat sich die Wahrheit des Seienden ins
Werk gesetzt. Die Kunst ist das Sich-ins-Werk-Setzen der Wahrheit. (GA 5, 25)"

Ein Kunstwerk kann das Seiende bzw. das Wirkliche so offenbaren, wie es ist. Das Wesen solcher Kunst ist
laut Heidegger die Dichtung - die Dichtung im weiteren Sinne als ,,das lichtende Entwerfen der Wahrheit*
(GA 5, 60). Was aus dem dichtenden Wesen der Kunst geschieht, ist, daB die Kunst eine offene Stelle inmitten
des Seienden erweitert, wo alles anders ist als sonst, d. h. alles Gewohnliche und Bisherige sich nicht mehr
findet. In der Offenheit zeigt sich das Seiende bzw. das Wirkliche als solches. Eine Art der Dichtung ist die
Poesie, die wir normalerweise als Dichtung im engeren Sinne verstehen. Heidegger zufolge ist die Sprache das
Geschehnis, ,,in dem fiir den Menschen jeweils erst Seiendes als Seiendes sich erschliefit (GA 5, 62), mit
anderen Worten, indem wir mit der Sprache das Seiende nennen, wird es erst als Seiendes benannt und
offenbart. Weil die Sprache auf diese Weise das urspriingliche Wesen der Dichtung, d. h. das lichtende

Entwerfen der Wahrheit des Seienden, verwahrt, gerade deshalb ereignet sich die Poesie in der Sprache. Diese

! Martin Heidegger, Gesamtausgabe, Bd. 5, Holzwege, 2. Auflage, Frankfurt am Main 2003. Wenn der zitierte Teil des
Buches im Text gezeigt wird, wird das Buch mit ,,GA 5° abgekiirzt und die Seitenzahl wird mitgeschrieben.
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Poesie nimmt als ,,die urspriinglichste Dichtung im wesentlichen Sinne* (GA 5, 62) in der Kunst, deren
Wesen sich als die Dichtung im weiteren Sinne zeigt, eine herausragende Stellung ein.
Nach Heideggers Verstiandnis in Hélderlin und das Wesen der Dichtung (1936) benennt der Dichter die Dinge

und offenbart sie, wie sie sind. Heidegger sagt:

Der Dichter nennt die Gotter und nennt alle Dinge in dem, was sie sind. Dieses Nennen besteht nicht
darin, dal} ein vordem schon Bekanntes nur mit einem Namen versehen wird, sondern indem der Dichter
das wesentliche Wort spricht, wird durch diese Nennung das Seiende erst zu dem ernannt, was es ist. So
wird es bekannt a 1 s Seiendes. (GA 4, 41)°

In der Dichtung, in der der Dichter mit dem wesentlichen Wort Dinge nennt, sollten wir die Dinge erfahren,

die dort so offenbart werden, wie sie sind.

Das Wesentliche der Dichtung als Kunst, das von Heidegger erfa3t wurde, konnen wir, meiner Interpretation
nach, auch in der japanischen Dichtung von Matsuo Basho (1644-1694) erkennen, der sein Leben damit
verbrachte, an der Haiku-Dichtung zu arbeiten. Die Haiku-Dichtung ist eine Art Kurzformdichtung, die
urspriinglich aus Japan stammt. Sie besteht traditionell aus drei Teilen, die 17 phonetische Einheiten in einem
5-7-5-Muster enthalten. Im Prinzip wird die Haiku-Dichtung mit einem bestimmten Wort namens Kigo
geschrieben, das sich auf jahreszeitliche Dinge bezieht, und in diesem Sinne zeigt sich die Haiku-Dichtung
besonders als eine Dichtung, die eng mit der Natur verbunden ist.

Bashos dichterisches Prinzip zeigt sich in seiner Lehre: ,,Lerne iiber die Kiefer von der Kiefer selbst, lerne

{iber den Bambus vom Bambus selbst.*

Das dichterische Prinzip bedeutet, von der eigenen Subjektivitit
abzusehen und sich auf die ,,Dinge* selbst einzulassen. Mit anderen Worten: Die Haiku-Dichtung zielt darauf
ab, die Wahrheit der Naturdinge auszudriicken, indem sie Vorurteile und vorgefalite Meinungen ausschlief3t
und ,,Dinge* so sieht, wie sie sind. Ein Werk der Haiku-Dichtung entsteht aus der Beobachtung, daf3 die Dinge

in der Natur sich als solche finden.
R AR N Z TIKDFH (Furuike ya kawazu tobikomu mizu no oto.)
Der alte Teich.

Ein Frosch springt hinein —

.. 4
das Gerdusch des Wassers.

2 Martin Heidegger, Gesamtausgabe, Bd. 4, Erlduterungen zu Holderlins Dichtung, 3. Auflage, Frankfurt am Main 2012.
Wenn der zitierte Teil des Buches im Text gezeigt wird, wird das Buch mit ,,GA 4 abgekiirzt und die Seitenzahl wird
mitgeschrieben.

3 Doho Hattori, ,,Sanzoshi* (1776) in: Matsuo Basho, Kohon Basho zenshu, Bd. 7, Tokyo 1969, S. 175. Ubersetzung vom
Verfasser.

* Dietrich Krusche (Hg.), Haiku. Japanische Gedichte, Miinchen 1994, S. 48.
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Dieses Werk ist wahrscheinlich das bekannteste von Bashos Gedichten. Vielleicht gab es in einer Ecke des
bescheidenen Wohngartens einen alten Teich. Eines Tages geschah es, da3 Basho unerwartet das Gerdusch
von Wasser horte, als ein Frosch in den Teich sprang, wihrend die Gegend sehr ruhig war. Das Gerdusch des
Wassers, in das der Frosch sprang, brachte Basho dazu, sich dem alten Teich zuzuwenden, auf den er vorher
nicht geachtet hatte. Basho schuf sein Werk, indem er die gewohnliche Tatsache der Natur im tidglichen Leben
darstellte. Vielleicht erkannte er die Wunder der Natur, erfal3te die Natur so, wie sie ist, und driickte sie als
solche aus. Bashos Aufmerksamkeit fiir einen bloBen Frosch bedeutet, da3 Basho seine Asthetik allem in der
Natur zuwandte. Das heif3t einfach, die Natur ohne Vorurteile so zu nehmen, wie sie ist, und sie im Werk
auszudriicken. In diesem Werk spielt der Ausdruck ,,Ein Frosch springt hinein — / das Gerdusch des Wassers*
als wesentliche Worter eine wichtige Rolle. Indem Basho den alten Teich nicht einfach als einen ,,alten
einsamen Teich“ beschreibt, sondern ,,das Gerdusch des Wassers®, in das ein Frosch springt, mit dem alten
Teich kombiniert, wird das Ding des ,,alten Teichs® gerade in der Beziehung zum ,,Gerdusch des Wassers®, in
das ein Frosch springt, mit einer Art frischem Geschmack empfunden. In Bezug auf ,,das Gerdusch des
Wassers“, in das ein Frosch springt, wird die Existenz bzw. das ,,Sein‘“ des ,,alten Teichs* unerwartet
offenbart.

Dariiber hinaus schreibt Basho in seinem Werk ,,Frosch-Haiku®, dal er von der Dynamik der natiirlichen
Welt, wie dem Kreislauf der vier Jahreszeiten, beeindruckt war, indem er die Tatsachen der Natur so festhélt
und darstellt, wie sie sind. Der kalte Winter war vorbei und das warme Friithlingswetter war da. Vielleicht kam
ein aus der Winterruhe erwachter Frosch aus der Erde und sprang wie gewohnt in den Teich. Basho mufl zum
ersten Mal seit langer Zeit das Gerdusch des Wassers gehort haben, in das ein Frosch springt. Gerade deshalb
nahm Basho das Gerdusch des Wassers noch deutlicher wahr. Indem Basho die natiirliche Tatsache des
Gerdusches von Wasser einfing und darstellte, als ein Frosch in einen alten Teich sprang, driickte er in seinem
Werk auch die Begeisterung iiber die groBartige Dynamik der natiirlichen Welt aus. In der Tiefe dieses

Werkes konnen wir erkennen, dall Basho im tdglichen Leben die gro3e Kraft der Natur beriihrt.

Wie Heidegger betonte, sollten wir im System der modernen Technik die Dinge nur als ,,niitzliche Dinge*
entbergen und den Dingen nur in einer solchen Weise begegnen. Wenn wir in dieser Situation sind, kann die
Haiku-Dichtung durch das direkte Vertrauen in die Dinge die Wahrheit der Dinge, denen wir begegnen,
einfangen und sie so enthiillen, wie sie sind, ohne an Vorurteile oder Stereotypen gebunden zu sein. Natiirlich
gelten die Beziehungen in der Epoche, in der Basho lebte, nicht fiir das gegenwirtige Zeitalter, oder
umgekehrt dominierte das System der modernen Technik nicht bereits die Epoche, in der Basho lebte, aber
Bashos dichterisches Prinzip in der Lehre ,,Lerne iiber die Kiefer von der Kiefer selbst, lerne iiber den Bambus
vom Bambus selbst“, ist unabhingig von den Bezichungen und Systemen in diesen Zeiten und seine
Bedeutung dndert sich nicht als Einstellung, die Dinge als solche zu sehen.

In einer Schrift seines Schulers konnen wir Bashos Gedanken erkennen, die Dinge der Natur so zu sehen, wie
sie sind, dadurch, Vorurteile und Stereotypen zu beseitigen oder sich von Brauchen und Alltaglichkeit zu

16sen. Dort heilt es:

Wer sich mit der Kunst der Haiku-Dichtung beschiftigt, sollte der Natur folgen und sich mit den vier

Jahreszeiten anfreunden. So ist das, was er sicht, nicht keine Blume, und was er denkt, ist nicht kein
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Mond. Wenn das, was er sieht, keine Blume ist, ist er einem Barbaren gleich. Wenn er in seinem Herzen
nicht an Blumen denkt, &hnelt er Vogeln und Tieren. Es ist erforderlich, aus der barbarischen Position
herauszukommen, die Klasse von Vogeln und Tieren zu verlassen, der Natur zu folgen und zur Natur

zuriickzukehren.’

Laut Basho folgen diejenigen, die sich mit der Haiku-Dichtung beschiftigen, der Natur und freunden sich mit
der Natur der vier Jahreszeiten an. So verpassen sie weder die Blumen noch den Mond. Diejenigen, die
Blumen gar nicht erst sehen oder an sie denken, sind Barbaren oder Bestien. Diejenigen, die ,,Dinge* in
Blumen und im Mond sehen oder dariiber nachdenken, sind wahrhaft menschliche Wesen. Um solch ein
wahrer Mensch zu werden, mull man der Natur gehorchen und zur Natur zuriickkehren. Wenn man Haiku-
Gedichte mit Blick auf die Natur schreibt, ist es notwendig, eine Haltung zu haben, der Natur zu folgen und
zur Natur zuriickzukehren, sowie eine Haltung, sich die Natur zum Freund zu machen. Es ist keineswegs eine
Haltung, die die Natur vor uns als bloBes Objekt fiir den Menschen behandelt. An einem Ort, der fiir
Kirschbliiten beriihmt war, hat Basho das folgende Gedicht geschrieben.

HIZAEIZHE TS 'L 3@ (Hi wa hana ni kurete sabishi ya asunaro.)

Der Tag ist mit Kirschbliiten
vorbei, wie einsam ist

der Hibalebensbaum!®

Unter der Sonne im Friihling stehen die Kirschbliiten in voller Bliite und die Aufmerksamkeit der Menschen
richtet sich ausschlieBlich auf die Kirschbliiten. Es ist, als wiirde sich die Welt um Kirschbliiten drehen. Im
Gegensatz zu den priachtig blithenden Kirschbliiten steht die ,,ndchste Zypresse* (Hibalebensbaum) in einem
triiben Schein. Da sie sich von einer Zypresse unterscheidet und kleiner als eine Zypresse ist, obwohl sie einer
Zypresse dhnelt, wird ihr der Legende nach das traurige Schicksal nachgesagt, da} sie nie eine Zypresse
werden kann, wéhrend sie immer denkt, da3 sie am néchsten Tag eine Zypresse sein wird. Das Aussehen eines
solchen Hibalebensbaums hat etwas Einsames an sich. Basho betrachtet nicht nur die Kirschbliiten, die in
voller Bliite stehen und die Aufmerksamkeit der Menschen auf sich ziehen, sondern auch den
Hibalebensbaum, der im Schatten einer solchen Pracht zu stehen scheint, und findet dort die Einsamkeit, die
mit ihm als sogenanntem Einsiedler einhergeht, — genauso wie er Freundschaft mit der Natur schlief3t.
Eine wichtige Grundidee der Haiku-Dichtung konnen wir in der dichterischen Haltung erkennen, die Natur so
zu sehen, wie sie ist oder als wire sie unser Freund. Der japanische Haiku-Dichter Takahama Kyoshi (1874-
1959) sagt:

Es ist duflerst sinnvoll, die Natur so darzustellen, wie sie ist. Ob es sich um einen Handmuskel, einen
FuBmuskel, ein Veilchen oder ein Kitzchen handelt, bedeutet, die Natur auszudriicken, als ob sie
lebendig wire, die Natur zu respektieren, und das ist ein Gefiihl, im Schof3 der Natur zu ruhen, ohne die

eigene Subjektivitit zu betonen. Es muf} ein groBer Wunsch der Menschen sein, all jene Bemiithungen

% Otokuni Kawai, ,,0inokobumi* (1709), in: Matsuo Basho, Kohon Basho zenshu, Bd. 6, Tokyo 1968, S. 75. Ubersetzung
vom Verfasser.
6 Ubersetzung vom Verfasser.
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aufzugeben, ein kleines Selbst zu etablieren, und einen Teil der groBartigen Natur getreu wiederzugeben.”

Kyoshi zufolge ist es von groer Bedeutung, die Natur so darzustellen, wie sie ist, da es nicht darum geht, die
menschliche Subjektivitit zu betonen, sondern die Natur selbst zu respektieren. Wir Menschen sollten vor
allem darauf abzielen, die groBartige Natur so auszudriicken, wie sie ist, anstatt das triviale Selbst des
Menschen durchzusetzen. Die Natur so zu sehen, wie sie ist, ist schlieBlich nichts anderes als eine Haltung, die
Natur selbst zu respektieren.

Nur mit dem Respekt vor der groBartigen Natur ist es moglich, die Natur so zu sehen, wie sie ist, ohne an
Vorurteile oder Stereotypen gebunden zu sein, bzw. befreit von Brauchen und Konventionen, wie Bashos
Dichtung es beabsichtigte. Dies gelingt niemals mit einer Haltung, die die Natur mit Menschen konfrontiert
oder die Natur als bloes Objekt fiir Menschen sieht, es gelingt niemals durch den Gedanken, der versucht,
den Menschen in die Position des Herrschers iiber die Natur zu stellen oder die Natur als weniger wertvoll als
den Menschen zu sehen. Das Verhalten, der Natur zu folgen, zur Natur zurlickzukehren und die Natur den
Menschen gleich und vertraut zu machen, wie Basho sagte, macht es moglich, die Dinge in der Natur so zu
sehen, wie sie sind. In diesem Sinne ist der Akt der Dichtung, in dem Basho die Natur sah und versuchte, sie
als solche in einem Werk zu offenbaren, eine der praktischen Formen der Haltung, die Natur so zu
respektieren, wie sie ist. Mit anderen Worten: Der Akt der Dichtung Bashos zeigt sich als nichts anderes denn
als die Erfiillung der Lebensweise, mit der Natur bzw. in der Natur zu leben. ,,Mit der Natur zu leben* war
Bashos Lebensanliegen, und genau dies praktiziert die Haiku-Dichtung durch Beobachtung der Natur.

Die Haiku-Dichtung, die sich auch als eine Praxis des Lebens mit der Natur zeigt, kann uns wirklich als eine
radikale Kunst vom ,,Gewohnten* im tiglichen Leben trennen, wie Heidegger betont.® Indem wir in die
,,Wabhrheit des Seienden* eintauchen, die im Kunstwerk entstanden ist, werden wir von dem bisher Gewohnten
getrennt. Dadurch, hervorragende Kunstwerke zu erfahren und dann von der iiblichen Ansicht bzw.
Denkweise getrennt zu werden, konnen wir die Mdglichkeit erhalten, unsere Sicht auf die Welt zu dndern.

Kyoshi zum Beispiel sagt:

Wenn wir anfangen, Haiku-Gedichte zu schreiben, erkennen wir, dafl das Leben, das Basho sah, so
aussehen miifite, und sind wir motiviert, die Welt zu {iberdenken; dann erkennen wir, daf} die Welt, die
Issa sah, so aussehen miifite, und sind wir motiviert, die Welt zu Giberdenken; dann erkennen wir, dal} die
Welt, diec Buson sah, so aussechen miite, und sind wir motiviert, auf dic Welt zuriickzuschauen; cher
Oftnet sich dann zunidchst einmal die Welt der jahreszeitlichen Themen vor uns und beginnen die
verschiedenen Aspekte von Friithling, Sommer, Herbst und Winter, die wir bisher nicht bemerkt haben,
einen starken Eindruck auf unser Herz zu hinterlassen. Dann spiiren wir, da} plotzlich verschiedene
Phianomene von Friihling, Sommer, Herbst und Winter mit einem sehr starken Licht vor uns erscheinen;
oder fuihlt sich es an, als hétte sich eine vollig andere Welt als die aufgetan, die wir bisher gesehen haben.

Insofern fithlen wir uns gerettet.”

Auf diese Weise, so scheint es uns, wird sich eine Welt auftun, die anders ist als die, die wir bisher gesehen

haben. In solchen Zeiten konnen wir, wie Kyoshi sagt, vor der kritischen Situation ,,gerettet” werden, in der

7 Takahama Kyoshi, Teihon Takahama Kyoshi zenshu, Bd. 11, Tokyo 1974, S. 35. Ubersetzung vom Verfasser.

8 Vgl. Martin Heidegger, GA 5, S. 54.

® Takahama Kyoshi, a. a. O., S. 294. Ubersetzung vom Verfasser. Kobayashi Issa (1763-1828) und Yosa Buson (1716-
1784) sind neben Matsuo Basho Vertreter der reprasentativsten Haiku-Dichter in der japanischen Edo-Zeit (1603-1868).
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uns die Dinge im System der modernen Technik nur noch als ,,niitzlich* begegnen kénnen. Obwohl es weit
von der Epoche entfernt ist, in der Basho lebte, sind wir jetzt durch verschiedene Probleme wie Klimawandel
und Umweltzerstorung gezwungen, die Beziehung zwischen Mensch und Natur zu iiberdenken. Genau in
dieser Zeit sollten wir von Bashos grundlegender Haltung lernen, die Natur so zu respektieren, wie sie ist.
Freilich konnen wir nicht einfach zur Natur zuriickkehren, da wir Menschen die Natur zu sehr verdndert haben
und das menschliche Leben sich zu weit von der Natur entfernt hat, aber wir sollten uns doch von jener kleinen
Selbstbehauptung der Menschen l0sen, in der Gesellschaft, die vor allem Wissenschaft und Technik lobt, nach
Niitzlichkeit der Dinge zu streben, und die Einstellung zuriickgewinnen, alles in der Natur so zu sehen, wie es
ist. ,,Zur Natur zuriickzukehren* bedeutet, meiner Meinung nach, auf die Natur zuriickzublicken und zu sehen,
ob die Menschen eine angemessene Einstellung zur Natur haben. Das heil3t, sich auf die Seite der Natur zu
stellen und die Menschen erneut zu iiberdenken. Nur wenn wir Menschen die Natur als solche respektieren,
wird die Natur uns Menschen leben lassen. Mit tiefem Respekt vor der Natur miiite das Zusammenleben

zwischen Mensch und Natur im wahrsten Sinne nachhaltig werden.

Nachwort

Der Hauptteil dieses Aufsatzes entstand urspriinglich aus dem Manuskript meines deutschen Vortrags, der am
29. September 2022 bei der >9. Tagung fiir Praktische Philosophie< an der Universitit Salzburg in Osterreich
gehalten worden war. Trotz den verschiedenen Schwierigkeiten im Zusammenhang mit der Corona-Pandemie
und dem heutigen Ukraine-Krieg konnte ich auch dieses Jahr Salzburg besuchen und dort einen Vortrag
halten, woriiber ich mich sehr gefreut habe. Ich danke den Organisatoren der Tagung dafiir, dal mir die
Gelegenheit gegeben wurde, den Vortrag zu halten, und insbesondere den Zuhorern, die mir hilfreiche

Hinweise gegeben oder sehr bedeutsame Fragen gestellt haben.

SZHH 20224F10H28H






Consensus Algorithm Using Transaction History for Cryptocurrency

Yuuki KOMI and Takayuki TATEKAWA'

Abstract

Blockchain consensus algorithms for cryptocurrency consist of the proof of work and proof of stake. However,
current algorithms have problems, such as huge power consumption and equality issues. We propose a new
consensus algorithm that uses transaction history. This algorithm ensures equality by randomly assigning
approval votes based on past transaction records. We also incorporate a mechanism for adjusting issuance

volume to measure the stability of the currency's value.

1. Introduction

The P2P electronic money system proposed by Satoshi Nakamoto" has been applied in various
cryptocurrency systems. A blockchain mechanism was proposed to solve the problem of double spending on
online payments without the need for authentication by a trusted third party. Blockchain maintains trust in
transactions because it is extremely difficult to destroy or alter data.

Blockchains in Bitcoin and other cryptocurrencies maintain a shared registry of chronologically ordered
hash chains to enable continuous proof of work (PoW). The hash chain mechanism is useful for achieving
tamper resistance and irreversibility. However, each participant repeats the calculation until a specific hash
value appears at each node, and the node that determines the desired hash value can add a new block to the
chain. The calculation of this hash value requires an enormous amount of computational work. In addition,
because it provides incentives to compute hash values, it is problematic that large computational resources are
used for computing hash values, consuming enormous amounts of electric power?.

As an alternative to PoW, a new algorithm called proof of stake (PoS) has been proposed. In this scheme,
for example, Stake is based on the "coin age of” how long a user has held the tokens of a cryptocurrency.
Ethereum will transition from PoW to PoS in September 2022, which will reduce energy consumption by
approximately 99.95 %®. However, there is concern that PoS will reduce the flow rate of cryptocurrencies.

In this study, we propose a new consensus algorithm for cryptocurrency that does not require huge
computational resources, such as PoW, and does not reduce the circulation volume, as in conventional PoS.
Suppose that a user has owned a cryptocurrency in the past but has given it away in some transactions. This
transaction is regarded as contributing to the promotion of cryptocurrency, and the user is granted the right to
become a signatory of the block, that is, to add a new block. In other words, instead of calculating the hash
value of the PoW, the transaction is an incentive.

In cryptocurrency, users who add blocks are given an incentive to add new blocks, as well as a transaction
fee. By appropriately adjusting transaction fees, it can be expected that users will not gain from many self-

transactions, and cryptocurrencies can be managed appropriately.

' Associate professor, National Institute of Technology (KOSEN), Kochi college
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The remainder of this paper is organized as follows. Section 2 presents proposal of a new protocol. Section

3 explains adjustment of issuance with new protocol. Finally, Section 4 summarize our study.
2. Proposal of a new protocol

2.1 Transaction history

To use a cryptocurrency coin for payment, it must be received from someone. The fact that the transaction
was recorded in the chain proves that someone paid the coin to someone else. Because the value of a
cryptographic coin depends only on its liquidity, it is essential to increase the number of participants who can
perform transactions.

Transaction history is a record of the transactions a coin has undergone. In a blockchain, transaction
information is recorded in blocks. A currency not referenced by any transaction is considered an unspent
transaction output (UTXO). When a new transaction occurs, it is formed by finding and clearing the UTXO

needed for the transaction.

2.2 Checkpoint system

Our protocol grants the right to choose just one blockchain from a tree of branching blockchains for "having
made a transaction". This transaction-based grant of authority is expected to expand the range of
cryptocurrency use by participants. This protocol is intended for hybrid use with PoW, in which the PoW

system is used for the following purposes.

® Guarantee of blockchain irreversibility
® Verification of the previous block

® Some financial risk burden for block generation

PoW can also be substituted by full PoS mining with staking.

The protocol uses a checkpoint system for periodic voting and a discrete logarithm problem on an elliptic
curve for voter selection to provide resistance against Sybil attacks. This protocol assumes the application of
secp256k1> used in Bitcoin.

A checkpoint tree applied in our protocol is a method used in Casper FFG®, a type of PoS method proposed
by the Ethereum Foundation. The checkpoint tree streamlines the legitimacy of the chain such that the entire
block tree is not handled. Checkpoints are established at regular heights such that only the legitimate chain can

be determined from the forked chains.
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Figure 1. Checkpoint Tree and Height
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As shown in Figure 1, the checkpoints are all blocks whose height (or block number) in the block tree is a
multiple of 100, or a genesis block with a height of 0. The "checkpoint height" of a block whose block number
is 100k is k. The height A(c) of checkpoint ¢ is given by the number of elements in the checkpoint chain,
extending from checkpoint ¢ to the root along the parent link.

If the blocks at checkpoints of height n are agreed upon, a legitimate chain up to this point is established.
Because FFG is a PoS protocol, in the case of Ethereum, voting is performed by a validator who takes the
economic risk of charging one ETH for each vote at each checkpoint. The vote is cast by a validator who
carries an economic risk. A checkpoint of height # is justified if it receives more than 2/3 of the votes of the
valid validators. The block of checkpoints of height n+1 is then justified, and the block of height n is

determined (Figure 2). When the tree extends from checkpoint a to checkpoint b, it is denoted as a — b.

Figure 2. Number of checkpoint blocks and checkpoint height. Downward arrows indicate 99 blocks
between checkpoints. Up arrows indicate the order of justification.

This mechanism must not deny the transactions made in the past by having the property that the established

checkpoints are not overturned.

2.3 Selection of verifiers

The selection of verifiers is conducted by the factors shown in Table 1.

Table 1. Factors used in the selection of verifiers

Notation Description
hash(a) Hash value of block B,,_1¢o at checkpoint a
P hash(a) multiplied by a scalar with the private key e
S Set of values P divided by 16 bits
i Each element in set S
t Transaction recorded in block B;,_(;+100)

All of these elements can be uniquely computed from checkpoint a. To prevent a reference to a block
between a — b that has not yet been justified in transaction #, 100 is added to the index of the block. To
prevent duplicate verifiers, duplicate 7 is avoided through addition and logical operations. The verifier is
determined by #:

Thus, the verifier cannot be selected arbitrarily. The output at # must be unused to introduce a punitive

mechanism to disable the corresponding UTXO in the case of fraud in checkpoint voting.
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2.4 Verifier's Strategy

To ensure that the verifiers selected at a given checkpoint perform verification legitimately, we consider
providing them with incentives to perform verification. Subsequently, the verifiers are prevented from
cheating. The following rules can be used to ensure that verifiers perform legitimate verifications. The chain

extends ¢ = ¢’ — ¢".

® The verifier must prove in the message indicating that the UTXO entitled to vote is theirs.

® A UTXO included in a message indicating a vote is considered used and removed from the UTXO set.

® [fan irregularity is discovered at a node and the branch on which the irregularity occurs has been voted
on, the discoverer of the irregularity will receive the UTXO that was voted on. An irregularity can be
verified by anyone other than the verifier.

® Moreover, those who discover fraud have the right to create a transaction using the voter's UTXO as
input. In other words, the mechanism allows anyone to issue a transaction with the voter's UTXO as
input. A transaction cannot be used for any purpose other than to prove fraud.

® Because the method described in the previous section would result in a loss to the voter, it is possible to
issue a transaction that allows UTXO to input c as it is toward itself after ¢ is fixed, and before some
checkpoints are fixed.

® The verifier that casts the correct vote is rewarded with a special signature that earns half of the
transaction fee in the block from ¢’ to ¢".

® The checkpoint with the highest number of votes is justified.

If the verifier commits fraud, it must have the largest number of transactions in the set of transactions from

which it selects verifiers.

2.5 Resistance to Sybil attacks

Sybil attacks are attacks in which an attacker attempts to dominate a network system using multiple nodes,
accounts, and computers. The proposed algorithm addresses Sybil attacks in the following manner.

First, PoW was used to generate blocks, ensuring that the creation of a block was not a significant burden
for the participant. This prevents attacks that can create many blocks. Second, voters are chosen by
participants based on values that cannot be manipulated, and voters cannot assume any interest in others, thus
preventing organized voting. Many transactions must be issued to increase the likelihood of being selected as a
voter. However, because transactions require a fee, issuing many transactions requires a large fee. This
prevents transactions from being issued to become voters artificially.

The following is a quantitative explanation of the difficulty of a Sybil attack: A person who performs a
transaction has the potential to become a verifier until 2'® (=65536) blocks have been mined after the block
containing the transaction is finalized. If the average target time for a block to be mined is 15 s, the verifier
will not be confirmed by the block in which the transaction occurred until approximately 273 h later. A total of
655 checkpoints occurred during that time and the possibility of voting at 653 checkpoints, excluding the two
starting and ending checkpoints. If a Sybil attack is to be launched, the attacker must generate most
transactions in approximately 273 h between the time a transaction is made and when the verifier is

determined. Therefore, Sybil attacks are challenging.
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3. Adjustment of issuance volume

For cryptocurrency to be accepted for real transactions, the exchange rate between cryptocurrency and legal
tender must be stable. Stablecoin, which allows cryptocurrency to be backed by a legal tender to minimize
fluctuations in the exchange rate with the legal tender, is being considered. In this proposal, we consider a
mechanism to reduce the fluctuation of the exchange rate with legal tenders without backing.

In PoW, miners approve and trust the transactions performed by miners who perform massive
computations. Even if the value of cryptocurrency is recognized and the number of miners increases, the
amount of cryptocurrency that miners can obtain will decrease. To maintain the number of miners, the value
per unit of cryptocurrency increases without a limit. Furthermore, PoW cannot reduce assets and does not act
as an adjustment to the money supply.

In economics, the relationship between transactions and the quantity of money is expressed by the following

equation, named "Equation of exchange"”.

MV =PT, (1)

where M is the average total money supply in circulation in an economy, V is the velocity of the money
transaction circulation, P is the price level, and 7 is the transaction volume of goods and services in a period.
Previous studies have applied the laws of economics, including this equation, to the exchange rate between
Bitcoin and the US dollar, and it has been shown that exchange rate fluctuations fit the laws well®.

The difficulty of PoW is determined by the time it takes to add the block and the amount of computation
required for the previous block. If a large amount of computation is performed in the previous block, the
difficulty of the PoW increases.

However, it is difficult to measure the exact volume of cryptocurrency transactions. Although all
transactions are recorded in the blockchain and can be viewed by anyone, if the same person owns multiple
accounts and repeatedly trades for themselves, it may appear that far more transactions have been made than
have occurred.

If a fee is charged for the transaction, it will prevent many self-transactions, and as described in Section 2.5,
it takes approximately 273 h from the time the transaction is generated to the time the verifier is determined.
Coins of cryptocurrency that have already been used to identify verifiers can be considered "correct coins". By
examining the "correct coins,” we can express the number of transactions that have been verified.

Given the difficulty of PoW, the "Equation of Exchange" is expected to be modified according to the

historical circulation rate Vo, transaction value Pp, and number of transactions 7 as follows.

MVy=PoToD. (2)

Here D denotes the current PoW difficulty. Vo can be determined by referring to transaction records in the
blockchain. Pp and T can be determined from the previous block; therefore, there is no need to refer to all
blocks. It is necessary to implement a mechanism to ensure that the value of a variable is uniquely determined
in the blockchain, and to detect incorrect values.

The total amount of cryptocurrency can be obtained from the past blocks.

_ PoToD
M= =5=. 3)
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The M value was obtained for each checkpoint. If M,, > M,,.; when the nth block is added, the difference is
an additional PoW fee; otherwise, no additional fee is paid. If no additional reward is generated at many
checkpoints in a row, a transaction is generated to send 1/2 of the fee paid to the verifier to an address from
which no one can withdraw. Because the miner and verifier are rarely the same in this protocol, it is expected

that this action is unlikely to reduce the number of miners.
4. Summary

In this study, we propose a new consensus algorithm for cryptocurrency as an alternative to PoW and PoS.
The proposed algorithm does not require a large amount of computational work, does not have the problem of
decreasing the volume of circulation, and is expected to adjust the issuance volume of cryptocurrencies.

The parameters used in the example of the proposed algorithm mechanism are provisional values that may
not be optimal. Further verification is needed to ensure that consensus is properly reached and that
cryptocurrency can be operated by many anonymous users without any fraud.

A game-theoretic analysis is needed to determine whether it is in the participants' best interest not to cheat.
In a previous study, it was proved that the algorithm for cryptocurrencies that provide disk space instead of
PoW is stable and consensus-building using game theory”, and that this algorithm needs to be verified in

detail using game theory as well.
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Improvement of the humidity deficit and air temperature greenhouse model via the subspace
method depending on the window opening degree: Model evaluation during winter

Shin NAKAYAMA *1, Shoichiro MIYAOKA *2, Ryushi KIMURA *1,
Masato OHSUMI ™!, and Taku TAKADA ™3

Summary

In this study, we developed a humidity deficit and air temperature model to improve the model predictive
controller based on the window opening degree in a greenhouse facility in winter where the boiler is in
operation. The purpose is to improve the accuracy of the model output values during the daytime from 8:00 to
16:00 by utilizing environmental data inside and outside the greenhouse for approximately one month via the
subspace method. By selecting the model creation period, we developed four models: (1) night-time daytime
model, (2) daytime model, (3) daytime sunny model, and (4) daytime rainy cloudy model, and we evaluated
each model. For all models, the average Fit rate was low at 43% or less for humidity deficit and 65% or less for
air temperature; however, the average root mean square error (RMSE) was sufficiently low at 0.63 g/m’ or less
for humidity deficit and 1.6 C or less for air temperature. When the humidity deficit and air temperature
fluctuations per day are small, such as in winter, evaluation with the RMSE rather than Fit rate is more
appropriate. In comparison with existing models, the developed models perform effectively as a prediction
model for window opening/closing control in winter.

Key words: greenhouse, subspace method, humidity deficit, temperature, window opening degree
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Preparation of dense SnO,-based ceramics by Fe,O3 addition
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Abstract

Dense SnO,-based ceramics have been prepared by firing Fe,O3-added SnO, compacts with atomic ratio
x = Fe/(Sn+Fe) = 0.005 — 0.10 at 1673 K. The densification is remarkably promoted even with the addition of
a small amount of x = 0.005. The XRD results suggest that Fe*" ions are doped into Sn*" sites of the rutile-
type structure, forming oxygen vacancies due to charge compensation. The oxygen vacancies promote
material migration and coalescence of the particles, leading to the grain growth and densification. Co-
additions with Fe,O3 and M>Os (M = Nb, Sb, Ta) have also been performed to explore preparation of
electroconductive and dense SnO»-based ceramics for targeted compositions of Sng og—,Feg.02M, 0, with y =
0.00 — 0.04. The co-additions with y < 0.02 lead to dense and insulating ceramics by firing at 1673 K while
those with y = 0.02 lead to non-densified bulks. These results can be explained by charge compensation
between Fe*" and M>" (M = Nb, Sb, Ta) ions co-doped into the Sn*" sites of the rutile-type structure.

1. Introduction

Tin dioxide, SnO,, is a wide-gap insulator with a rutile-type structure and becomes an n-type conductor
when oxygen vacancies or doped pentavalent cations such as Sb> " are included in the structure [1]. The SnO,-
based semiconducting materials are widely used as transparent conducting films or porous gas sensors. The
ceramic form has been expected for applications to electrodes, varistors, or thermoelectric materials at high
temperatures as described below.

It is well known that pure SnO; powder is hard to be densified by normal firing method. Various SnO»-
based ceramics were prepared by firing with an additive such as CuO [2-5], CoO [6-13], MnO, [7], and ZnO
[14] as a sintering agent for applications to electrodes or varistors. Several ceramics were also prepared by co-
addition of CoO and Fe,O5 [15, 16] or ZnO and Fe,O3 [17]. The densification was promoted by a liquid phase
formed during the firing with CuO [2-5] or by oxygen vacancies formed due to charge compensation when the
Sn*" sites were doped with lower valency cations such as Co®" [6, 7, 9, 12], Mn*" [7], Zn*" [14], or Fe*"

together with Co®" [16] or Zn** [17]. To investigate the thermoelectric properties [18-24], several SnO,-

*I Corresponding author.
"> Graduated in 2020.
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based ceramics were prepared by spark plasma sintering (SPS) method [21-23] or by firing with an additive
CuO as a sintering agent [24]. The SPS method is effective for rapid preparation of dense ceramics but it needs
the exclusive equipment.

On the other hand, the firing of compacts with a sintering agent is a simple and convenient method to
prepare dense ceramics. As described above, although several additives were used as sintering agents to
prepare dense SnO,-based ceramics, use of Fe,O3 as a single additive has not been reported. Since Fe,O3 is a
common oxide and easily handled, it is worth investigating the effect of Fe,Os as a single additive to prepare
dense SnOj-based ceramics. Chemani et al. [25] reported the influence of Fe,Os additive on the
microstructural development of SnO,, but dense SnO,-based ceramics were not prepared owing to lower firing
temperatures of 1273 K — 1473 K.

In this study, Fe,Os-added SnO, compacts have been fired at high temperatures of 1473 K — 1673 K to
investigate the densification of the samples. It is reported that the firing with Fe,O3 addition brings about
doping of Fe*" ions into Sn*" sites of the rutile-type structure to form oxygen vacancies due to charge
compensation and leads to grain growth and densification of the compacts. Co-additions with Fe;O3 and M,0Os5
(M = Nb, Sb, Ta) have also been performed aiming to prepare electroconductive and dense SnO;-based

ceramics.

2. Experiments

Powder reagents of SnO; (purity = 99.9 %, Kojundo chemical), Fe,O5 (purity = 99.9 %, Wako Pure
Chemical), Nb,Os (purity = 99.9 %, Wako Pure Chemical), Sb,Os (purity = 99.9 %, Kojundo chemical),
and Ta,Os (purity = 99.9 %, Wako Pure Chemical) were used. For preparation of Sn;—,Fe,O,, the SnO, and
Fe,O3 powders were weighed stoichiometrically with x = 0.00, 0.001, 0.005, 0.01, 0.02, 0.03, 0.05, and 0.10,
and mixed thoroughly with a small amount of ethanol in an agate mortar. The mixed powder was dried and
molded into a cylinder with 5 mm or 15 mm in diameter. Each compact was fired at 1473 K — 1673 K for 1 h
in air-flow on an alumina boat. For preparation of Sng 9g—,Feo.0oM, 0> (M = Nb, Sb, Ta), the SnO,, Fe,03, and
M,0s5 powders were weighed stoichiometrically with y = 0.00, 0.01, 0.02, 0.03, and 0.04, and mixed
thoroughly with a small amount of ethanol in an agate mortar. The mixed powder was dried and molded into a
cylinder with 5 mm in diameter, and each compact was fired at 1673 K for 1 h in air-flow on an alumina boat.

The bulk density of the fired samples was estimated from the weight and the volume which was
calculated from the diameter and the height. The microstructure for the fractured surface of the fired samples
was observed by scanning electron microscopy (SEM; JEOL, JSM-6610LA). The fractured samples were
washed in deionized water using an ultrasonic washer to remove debris and dried before the SEM
observations. The crystalline phases in the fired samples were identified by powder X-ray diffraction (XRD)
measurements with CuKa radiation (Rigaku, RINT-Ultima III), and the lattice parameters a and c¢ of the rutile-
type structure were calculated by the least-squares method using the observed diffraction angles. The electrical
resistance for the fired samples was measured between two points with a distance of about 1 mm using a
multimeter (Custom Corporation, CDM-03D).
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3. Results and discussion

Figure 1 shows firing temperature dependence of the bulk density for the Fe;O3-added SnO, samples
with x = 0.00, 0.05, and 0.10. The Fe,O3-added samples with x = 0.05 and 0.10 are densified by firing at each
temperature between 1473 K and 1673 K, and the bulk density becomes higher with increasing firing
temperature. On the other hand, the pure SnO, compact without Fe,O3 addition is not densified by firing at
1673 K and the relative density after the firing is about 50 % for the theoretical density (7.01 g-cm >) [26].
Any weight loss indicating volatilization of the constituent elements is not observed for these samples with x =
0.00, 0.05, and 0.10 even after the re-firing at 1673 K for 1 h in air-flow.
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Figure 1 Firing temperature dependence of the Figure 2 Plots of the bulk density on the atomic
bulk density for Fe;Oz-added SnO, samples with ratio x = Fe/(SntFe) for Fe,Os;-added SnO,
atomic ratio x = Fe/(Sn+Fe) = 0.00, 0.05, and 0.10. samples fired at 1673 K for 1 h in air-flow.

Figure 2 shows plots of the bulk density on the atomic ratio x in the range of x = 0.00 — 0.10 for the Fe,Os-
added SnO; samples fired at 1673 K for 1 h in air-flow. The samples with x = 0.005 — 0.10 are well densified
by the firing, exhibiting the bulk densities higher than 6.3 g-cm . It should be noted that the sample even
with x = 0.005 is well densified by the firing, but that with x = 0.001 is not densified. The color of the
densified bodies with x = 0.005 — 0.10 is dark brown, but the pulverized powders are pale grey to dark grey
with increasing x. On the other hand, the colors of the fired bodies with x = 0.00 and 0.001 are white and
reddish white, respectively. All the fired bodies with x = 0.00 — 0.10 are electrically insulating at room
temperature, because the electrical resistances are beyond the detection limit (40 M Q) of the multimeter.

Figure 3 shows SEM images for the fractured surfaces of the samples with x = 0.00 — 0.10 after firing at
1673 K for 1 h in air-flow. The sample with x = 0.00 has a porous and non-densified microstructure consisting
of small particles with sub-micrometers to a few micrometers in size, whereas the samples with x = 0.005 —
0.10 have well-densified microstructures consisting of grains with a few micrometers to about 10 micrometers
in size. The sample with x = 0.001 is not densified and is porous but consists of grains combined each other.
The small holes observed for the samples with x = 0.02 — 0.10 are considered to be traces of Sn-doped Fe,O3
(Fea—.Sn.0O3) particles probably removed by washing using the ultrasonic washer before SEM observations.

The Fe,—.Sn.O3 phase is confirmed by XRD results described in the next paragraph.
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Figure 3 SEM images for the fractured surfaces of Fe;O3-added SnO, samples with atomic ratio x = Fe/
(Sn+Fe) = 0.00, 0.001, 0.005, 0.01, 0.02, 0.03, 0.05, and 0.10 fired at 1673 K for 1 h in air-flow.

T T T T T
a
2 | x=0.05 A \ ‘
2 [x005 IR SR .
5 E
& leo0s | | Jo
s g
2| x=0.02 | 1. =
wn ~a
=] (=]
Q
RS L. L L E
| x=0.005 JLL }
x=0.00 x \ J_A )
n " " " 1 n " n n 1 1 " n n
PR STRT  [NT WUT ST N NN N U SO S (T S S SN S TSN SN S S N S S
10 20 30 40 50 60 70 30 35 40 45
20 / degree, CuKa 20 / degree, CuKo
T T T T T T 0,16 . . . . . .
(©) 8 (d)
0.14 + E
8
s 012 ° i
) °
~— L
= 8 010} i
< d oos| 028 $ ¢ ‘ ¢
= ~ - .
& s OCT gah 4 4
2\. :::
Z Z 006 .
L
=
- 0.04 0321 ]|
A002
0.02 + 220 1
0.00 1 " 1 I 1 n 1 " 1 " 1
0.00 0.02 0.04 0.06 0.08 0.10

Atomic ratio x
260 / degree, CuKo

Figure 4 (a) XRD patterns for Fe,Oz-added SnO; samples with atomic ratio x = Fe/(Sn+Fe) = 0.00,
0.005, 0.01, 0.02, 0.03, 0.05, and 0.10 fired at 1673 K for 1 h in air-flow. Asterisks denote diffraction
peaks from Fe,_.Sn Oz [27]. (b) Magnification of the XRD patterns to 20 range of 30° — 45°. (c)
Magnification of the XRD patterns to 20 range of 53° — 60°. The indices 220 and 002 denote diffraction
peaks from the tetragonal rutile-type structure. (d) Plots of the full width at half maximum (FWHM)
for the diffraction peaks 220, 002, and 321 (260 ~ 78.72°) on the atomic ratio x = Fe/(Sn+Fe).
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Figure 4(a) shows XRD patterns for the samples with x = 0.00 — 0.10 after firing at 1673 K for 1 h in air-
flow. All the XRD patterns are indexed with diffraction peaks for the rutile-type SnO, [26], but extremely
weak peaks from Sn-doped Fe O3 (Fey—.Sn.03) [27] are additionally observed at the 26 angles marked by
asterisks for the samples with x = 0.02 — 0.10 as shown in Figure 4(b). This indicates that extremely slight
amount of Fe,—.Sn.O3 exists locally as another stable phase besides the main rutile-type phase after the firing.
It is supposed that the small holes observed in the SEM images for the samples with x = 0.02 — 0.10 are the
traces of small particles of the Fe,—.Sn.O5 phase. The residue of the Fe,-.Sn.O3 phase may be due to rapid
densification process during the firing. Figure 4(c) shows a magnification of the XRD patterns to a 26/ range
of 53° — 60°, which exhibits two diffraction peaks 220 and 002 for the rutile-type structure. It should be noted
that any peak shifts are not observed for the both diffraction peaks with increasing x from x = 0.00 to x = 0.10.
Indeed, the calculated lattice parameters a and ¢ of the tetragonal rutile-type structure are constant for all the
samples with x = 0.00 — 0.10, indicating a = 4.7359(3) A and ¢ = 3.1855(3) — 3.1860(3) A, respectively.
Although the lattice parameters are constant for all the samples, it is considered that the Fe ions are doped into
the rutile-type structure successively with increasing x because the peak intensities of the Fe,—.Sn.O3 phase
are extremely low even for the samples with x = 0.05 and 0.10. Based on the ionic radius [28], it can be
considered that the Sn*" ions (ionic radius: 0.69 A) are substituted with Fe>* ions with a high spin state (ionic
radius: 0.645 A) rather than Fe*" with a low spin state (ionic radius: 0.55 A). The previous paper on °'Fe
Maossbauer spectra of the rutile-type Sng.g9sFeg 0502 sample fired at 1423 K reported that the Fe ions are doped
into the Sn sites as high spin Fe>" [29]. Figure 4(d) shows plots of the full width at half maximum (FWHM)
for the diffraction peaks 220, 002, and 321 on the atomic ratio x. Although there is some dispersion for the
values, the tendency of the increase in the FWHM with increasing x may suggest distortion of lattice planes
due to doping of the Fe ions into the Sn sites.

The densification mechanism for the Fe,Os;-added SnO, is briefly described in this paragraph. The
doping of Fe** ions into the Sn*" sites brings about the formation of oxygen vacancies to compensate the lack
of positive charges in the structure. The oxygen vacancies formed during the firing promote diffusion of oxide
ions and material migration leading to coalescence of the particles and grain growth to densify the Sn;—,Fe,O,
bulks. The similar mechanism was described in the previous papers for the other SnO,-based ceramics
prepared with a sintering additive such as CoO [6, 7, 9, 12], MnO, [7], or ZnO [14] and with two additives
such as CoO and Fe,03 [16] or ZnO and Fe, O3 [17].
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In order to explore preparation of electroconductive and dense SnO»-based ceramics, co-addition of Fe,O3
and pentavalent metallic oxide of Nb,Os, Sb,Os, or Ta;Os to SnO, has been performed expecting that the Fe;O3
and M,Os (M = Nb, Sb, Ta) work as the sintering agent and the electron dopant, respectively. Figure 5 shows
plots of the bulk density for the samples fired at 1673 K on the M content y in the targeted compositions of
Sng .oz Fe.0oM, 02 (M = Nb, Sb, Ta; y = 0.00 — 0.04). It is clearly seen for M = Nb, Sb, Ta that the samples
with y = 0.00 and 0.01 are densified exhibiting the bulk densities higher than 6.0 g-cm > whereas those with y
> (.02 are not densified exhibiting the bulk densities lower than 3.9 g-cm °. Any weight loss indicating
sublimation of the constituent elements is not observed after the re-firing at 1673 K for the fired bodies of M =
Nb, Sb, Ta. The electrical resistances measured using the multimeter are beyond the detection limit (40 M Q)
for all the fired samples except for Sng 93—, Feq.02Sb, O, with y = 0.03 and 0.04. The XRD patterns indicate that
all the fired samples of M = Nb, Sb, Ta are composed of the rutile-type single phase except for the samples with
y =0.03 and 0.04 of M = Ta, which include small amounts of Ta,Os not dissolved in the rutile-type phase. The
y dependence of the bulk density shown in Figure 5 can be explained by charge compensation mechanism
between Fe’ " and M " ions co-doped into the Sn*" sites of the rutile-type structure. For the fired samples with
y =0.00 and 0.01 of M = Nb, Sb, Ta, oxygen vacancies are generated but electron carriers are not generated
because the number of Fe*" ions doped in the structure is larger than that of M ions, leading to the formation
of the densified and highly resistive ceramics. For y = 0.02 of M = Nb, Sb, Ta, neither oxygen vacancies nor
electron carriers are generated in the structure because the number of doped Fe®" ions is equal to that of M>*
ions, leading to the formation of the non-densified and highly resistive bulks. For y > 0.02 of M = Nb, Sb, Ta,
oxygen vacancies are no longer generated, leading to the formation of the non-densified bulks. Therefore, the
preparation of electroconductive and dense SnO,-based ceramics has not been successful by the present co-
additions of Fe,O3; and M,0Os, owing to charge compensation between Fe>™ and M°" ions doped in the Sn**
sites. However, these results are consistent with the aforementioned result that the Fe ions are doped as Fe* ™ in

the Sn*" sites forming oxygen vacancies, leading to the densification of the Fe-doped SnO-.

4. Conclusions

Dense SnO,-based ceramics have been prepared by firing Fe,O3-added SnO, compacts with atomic ratio
x = Fe/(Sn+Fe) = 0.005 — 0.10 at 1673 K for 1 h in air-flow. The successive doping of Fe*" ions into the Sn**
sites of the rutile-type structure with increasing x has been deduced on the basis of the XRD patterns, the
FWHM of the diffraction peaks, and the comparison of the ionic radii. The doping of Fe*" ions into the Sn**
sites results in oxygen vacancies to compensate the lack of positive charges in the structure, and the oxygen
vacancies promote diffusion of oxide ions and material migration, leading to coalescence of particles, grain
growth, and densification of the fired bodies. The firing of SnO, compacts co-added with Fe,O3 and M,0s (M
= Nb, Sb, Ta) also brings about charge compensation between Fe’* and M°" (M = Nb, Sb, Ta) doped in the

rutile-type structure, preventing simultaneous realization of densification and electron doping.
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