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Subcritical Water Processing (SCW)

Executive Summary

Subcritical Water (SCW) processing is a commercially proven, non-combustion hydrothermal
waste-treatment technology that has operated in Japan for more than 20 years. It provides
New Zealand with a potential destruction and transformation pathway for difficult waste
streams that are currently challenging to treat domestically — including PVC, PFAS/PFOS-
contaminated materials, medical waste, sewage sludge, contaminated plastics, end-of-life
tyres and CCA-treated timber.

SCW uses high-temperature, high-pressure water and steam to break down and transform
organic materials within a sealed reactor system. Depending on feedstock, the process can
substantially reduce the amount of material requiring long-term disposal while producing a
carbon-rich, high-calorific solid with potential to substitute for coal in suitable industrial
applications.

Importantly, SCW does not make elemental contaminants disappear. Metals, chlorine,
fluorine and other inorganic constituents can partition between the solid and aqueous process
streams and may undergo changes in chemical form. Their final distribution, mobility and
environmental behaviour should be established through appropriate analytical testing.

For difficult waste streams, SCW provides a treatment platform capable of:

e Dechlorinating PVC — chlorine transferred primarily to the aqueous phase as
inorganic chloride

e Degrading and defluorinating PFAS — inorganic fluoride, primarily managed
within the aqueous phase

o Hydrolysing organic waste — carbon-rich char plus aqueous organic products

e Breaking down synthetic rubber polymers (including SBR, BR, EPDM and butyl
rubber) from tyres

o Stabilising CCA metals — changes in speciation and association with solid/mineral
phases, with reduced mobility and leachability demonstrated where supported by
testing

e Non-combustion treatment — avoids conventional combustion pathways for dioxin
formation, HCl-containing flue gas and combustion stack emissions

Reported Japanese operating experience indicates substantial mass and volume reduction for
suitable waste streams. A typical mixed-waste application may produce approximately 30%
carbon-rich solid material, although the actual yield depends strongly on feedstock
composition and operating conditions.

Proposed Fully Electric New Zealand Configuration

Existing Japanese SCW installations have typically used conventional boiler systems to
generate the high-pressure saturated steam required for treatment.

The proposed New Zealand configuration would instead use an all-electric energy system,
building on the established Japanese reactor and treatment process while taking advantage of
New Zealand's electricity system.

Potential advantages include:
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o climination of on-site boiler-fuel combustion

e compatibility with renewable electricity generation

e reduced dependence on imported fossil fuels

e non-combustion waste treatment

e potential integration with future low-carbon industrial energy systems
The proposed electric configuration would require detailed engineering and operating
verification for New Zealand conditions, but provides an opportunity to combine established
Japanese SCW technology with New Zealand's increasingly renewable electricity supply.

Processing Throughput

Existing project information indicates electricity consumption of approximately 8 MWh/day
for the referenced standard SCW plant configuration. Actual consumption will depend on
feedstock, moisture content, plant loading, heat recovery and operating conditions.

A standard three-reactor SCW configuration has a nominal processing capacity of
approximately 70 tonnes per day, equivalent to approximately 25,000 tonnes per year at
continuous operation.

Potential feedstocks include:

e municipal waste

o medical waste

o sewage and wastewater sludges

e industrial organic residues

e construction and demolition organics

o contaminated and difficult plastics

o chipped end-of-life tyres

e Dbiomass and mixed organic waste streams
Actual throughput and product yield are feedstock-dependent and should be confirmed for
each proposed application.

Char and Energy Recovery

SCW treatment can recover part of the carbon and energy contained within incoming waste
as a carbon-rich solid.

Japanese analytical results demonstrate that the calorific value of SCW-derived solid material
varies significantly according to feedstock, with reported dry-basis gross calorific values
ranging from approximately 22 MJ/kg to 37.1 MJ/kg.

This places suitable SCW char within an energy range potentially relevant to industrial fuel
applications.

However, fuel suitability depends on more than calorific value. Moisture, ash, sulphur,
chlorine, metals, combustion behaviour and other parameters must also satisfy the
requirements of the intended industrial user.

The char should therefore be regarded as a potential industrial fuel or coal substitute
subject to feedstock-specific analysis and user specifications, rather than automatically
classified as a coal-equivalent fuel.

Current State in New Zealand
New Zealand has established waste-management and resource-recovery systems, but

significant treatment challenges remain for a number of difficult waste streams.

These include:
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o PFAS-contaminated materials requiring effective destruction or transformation
pathways

e PVC and other difficult plastics

e CCA-treated and contaminated timber

o sewage and industrial wastewater sludges

o mixed municipal and industrial waste containing combinations of organic and
inorganic contaminants

o medical and clinical waste

o end-of-life tyre fractions and other difficult polymer wastes

e contaminated organic materials for which landfill remains a principal management
option

Existing treatment and recovery technologies each have important roles, including recycling,
landfill, cement-kiln co-processing, thermal treatment and specialised hazardous-waste
management.

SCW should therefore be considered as a potential complementary treatment technology,
particularly where conventional recycling is impractical and where chemical transformation,
substantial volume reduction and resource recovery can provide an advantage over disposal
alone.

The technology's relevance to New Zealand should ultimately be demonstrated through local
feedstock testing, contaminant mass balance, product analysis, environmental assessment and
commercial evaluation.

SCW Char vs Biomass — Clarifying the Carbon Cycle

SCW char represents carbon recovered from material already within the waste stream.
Without treatment, much of this material may ultimately be landfilled, where biodegradable
fractions can contribute to methane generation and where contaminated materials may require
long-term leachate and environmental management.

SCW instead converts suitable waste-derived organic material into a concentrated carbon-rich
solid.

The environmental implications of using this material as fuel depend on its origin. SCW char
produced from mixed waste can contain both:
e biogenic carbon, derived from materials such as food, paper, timber and other
biomass; and
o fossil-derived carbon, originating from plastics, synthetic rubber and other
petroleum-derived materials.

The relative proportions can be independently determined using radiocarbon analysis.

This distinction is important when assessing greenhouse-gas emissions, potential industrial
fuel applications and any future treatment under New Zealand's emissions-accounting
framework.

SCW char should therefore not automatically be described as a renewable or emissions-
neutral fuel. Its carbon composition and environmental performance should be established
from the actual feedstock and final product.
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Odour and Emissions

SCW operates as a sealed, water-based, non-combustion process.

As aresult:
o there are no conventional combustion stack emissions from the SCW reaction
itself

o there is no conventional incinerator plume or smoke

e odour can be contained and managed within the enclosed process

o the process avoids conventional combustion pathways associated with formation of
NO,, SOy and combustion-related dioxins

e PVC-derived chlorine is transferred primarily into the aqueous phase as inorganic
chloride rather than being discharged through a conventional combustion exhaust
stream

This distinguishes SCW from conventional incineration and other processes in which waste
itself is combusted.

Nevertheless, actual gaseous and volatile outputs from the SCW process should be
characterised from operating data and feedstock-specific analysis rather than described as
universally zero.

Modular and Adaptable Platform

SCW's modular architecture allows multiple reactor systems to be operated in parallel,
providing a potential pathway from individual industrial applications to larger regional waste-
treatment facilities.

Additional reactor capacity can potentially be added as waste volumes and applications
develop.

The underlying hydrothermal platform may also provide opportunities for different operating
conditions and future treatment applications. Any move to higher-temperature or alternative
operating configurations should, however, be treated as a separate engineering and
performance question rather than assumed to be available from the standard system.

This modular approach provides New Zealand with the opportunity to begin with a defined
application, demonstrate performance using local waste streams, and expand capacity where
the technical and commercial case is established.

Summary of Benefits

e More than 20 years of Japanese commercial operating experience

e Sealed, non-combustion hydrothermal treatment

e (Capable of processing a broad range of difficult organic and mixed waste streams

e Chemical decomposition and transformation of organic contaminants

e PVC dechlorination, with chlorine transferred primarily to the aqueous phase as
inorganic chloride

o PFAS degradation and defluorination capability, subject to feedstock-specific
analytical verification

o Potential reduction in mobility and leachability of some metal contaminants, subject
to testing

e Significant reduction in waste requiring long-term disposal

e Production of a carbon-rich, high-calorific solid with potential industrial fuel value
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e Recovery of water for treatment and recirculation within the process

o Potential recovery of steel and other non-decomposable materials

e Proposed fully electric configuration for New Zealand

e Modular architecture suitable for staged or regional deployment

o Potential integration with New Zealand's renewable electricity system

o Potential alignment with New Zealand's waste-minimisation, resource-recovery and
emissions-reduction objectives

Conclusion

SCW does not replace every existing waste-management technology. Recycling, biological
treatment, specialised hazardous-waste treatment, cement-kiln co-processing and
appropriately engineered landfill will continue to have important roles.

SCW offers something different: a commercially demonstrated, non-combustion
hydrothermal platform capable of treating multiple difficult organic waste streams
within a single system.

It can provide chemical decomposition and transformation of organic contaminants,
dechlorination of PVC, degradation and defluorination of PFAS, treatment of contaminated
organic materials and production of a carbon-rich solid with potential industrial value.
Inorganic contaminants are not destroyed, but can be separated, redistributed and managed
through identifiable solid and aqueous process streams.

More than 20 years of commercial operation in Japan provide an established operating
foundation. The proposed fully electric New Zealand configuration would build on that
experience while providing an opportunity to integrate SCW with New Zealand's electricity
system and its future waste-treatment and resource-recovery infrastructure.

The case for New Zealand should now be established through independent analysis,
representative local feedstock trials, contaminant mass balance and demonstrated
operating performance.

Below: Typical municipal waste following SCW treatment. Japanese operating experience
indicates substantial reduction of the original waste, with a carbon-rich solid representing
approximately 30% of the incoming mass in typical applications. Actual yield varies with
feedstock. Where resulting material streams meet the applicable reuse, recovery or disposal
requirements, SCW has the potential to achieve very high diversion from landfill while
substantially reducing the long-term land-use, methane and leachate-management
requirements associated with conventional disposal.
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1 .Introduction

Subcritical Water (SCW) processing is a hydrothermal technology that converts mixed waste
streams—including plastics, sludge, biomass, medical waste, PFAS-contaminated wastes, and
CCA-treated timber—into three primary outputs:

1. Carbon-rich char or ash

2. Inorganic mineral salts and dissolved ions, such as:

* Sodium chloride (NaCl) and calcium chloride (CaCl.), which may form following PVC
dechlorination and neutralisation

* Inorganic fluoride, which is released where PFAS defluorination occurs and may remain
dissolved in the aqueous phase or form mineral salts such as calcium fluoride (CaF),
depending on process chemistry

3. Recovered process water, which can be treated and recirculated within the system

Because SCW uses pressurised hot water rather than combustion as its reaction medium, it
enables hydrothermal decomposition and transformation of contaminants without a
conventional combustion stack or combustion-derived dioxin pathway. In a fully electric
configuration, the process can also operate without direct fossil-fuel input.

SCW has been commercially deployed in Japan for more than 20 years, where it treats
municipal, industrial, medical, and hazardous waste streams at operating temperatures of
approximately 230-265 °C and pressures of 3—5 MPa (Ishimori, 2019).

A key performance characteristic of SCW systems is substantial volume minimisation.
During treatment, organic components undergo hydrolysis and carbonisation, while plastics
depolymerise and lose volatile mass. As a result, the total solid residue volume is typically
reduced by approximately 60—80% relative to the original mixed-waste feedstock, depending
on composition. This minimisation significantly decreases the long-term landfill burden and
aligns with circular-economy principles emphasised in New Zealand’s Waste Minimisation
Act.

1.2 Definition of Subcritical Water

Water becomes subcritical when heated above the boiling point (100 °C) but below the
critical temperature (374 °C), while kept under pressure to maintain the liquid phase. Under
these conditions, water displays several unique properties useful for waste decomposition:

e Lower dielectric constant — behaves similarly to an organic solvent
¢ Rapid hydrolysis capability
o Enhanced ion product (Kw) — strongly acid/base reactive
o High diffusivity — penetrates complex organics
e Non-combustion, low-oxygen reaction environment — avoids the conventional
combustion pathway for dioxin formation
SCW Operational Envelope (Typical Japanese Systems):

Parameter Value
Temperature 230-265 °C
Pressure 3-5 MPa
Phase Liquid (subcritical)
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Parameter Value

Oil/char mix (typical existing Japanese systems)
100% electric (proposed New Zealand configuration)

Oxygen Absent
Residence Time 30-90 minutes

Energy Source

(Processing System SCW_E.pdf; Ishimori, 2019)

1.3 Reaction Chemistry in SCW
1.3.1 Hydrolysis of Organic Matter
Chemical Reaction:
R-O-R'+ H:0 — R-OH + R'-OH

Plain-English Explanation Block
What each part means:
e R-O-R'
A large organic molecule — such as fats, oils, cellulose, plant fibres, or other long-chain materials
found in mixed waste.
o +H:0
A water molecule. Under SCW conditions (230-265 °C, 3—5 MPa), water becomes highly reactive
and attacks the long organic chain.
e — R-OH+R'-OH
The reaction illustrates hydrolytic cleavage of an organic linkage, producing smaller oxygen-
containing organic fragments. In real mixed waste, multiple hydrolysis and transformation
reactions can occur, producing a range of smaller organic compounds.
Plain-English Explanation
In Subcritical Water, water acts like a molecular knife.
The hot, pressurised water breaks long organic molecules into smaller, simpler ones. This is the first major
Step in turning complex waste into.
o short-chain organic acids
o carbon-rich residue (char)
e water-soluble organics that partition into the aqueous phase for subsequent water treatment
Because this breakdown occurs within a water-based, non-combustion process:
e no combustion occurs
e no conventional combustion smoke or flue gas is produced
e the conventional combustion pathways associated with dioxins, PAHs, NO. and SO, are avoided
o the principal reactions occur within the enclosed, pressurised aqueous system
This is one of the core reasons SCW can treat mixed organic waste, sludge, plastics additives and biological
materials without relying on combustion, while gaseous or volatile process products are managed within the
enclosed process system.

1.3.2 PVC Dechlorination
PVC undergoes rapid dehydrochlorination under SCW conditions:
(CH,-CHCI),, » (CH=CH),, + n HCI
HCl is captured by alkaline species:
HCl 4+ Na™ - NaCl
2 HCl + CaCO3 - CaCl, + CO, + H,0

(Ishimori, 2019; Polymer Degradation and Stability, 2001; Soler et al., 2018; Wang et al.,
2023)



Originally prepared 11 Nov. 2025 by Rodney Hellyer of Recycling Oceania Ltd and Japanese Solutions Ltd, in association with Arinkai
Japan (Mr. Kaneo Ishimori), and updated September 2026. Based on Japanese-source technical data, site observations, and consultation with
SCW specialists and operators. This version is complete pending independent NZ radiocarbon analysis of SCW char. Enquiries: Rodney
Hellyer — rodney@japanesesolutions.co.nz

PVC Dechlorination — Plain-English Explanation Block
What each part means:

@ (CH-CHCI),

This is the repeating unit of PVC (polyvinyl chloride) — a long-chain plastic made of carbon, hydrogen
and chlorine. PVC is ~57% chlorine by weight.

@® — (CH=CH), +n HCI

Under SCW conditions (230-265 °C, 3—5 MPa), chlorine is removed from the PV C chain through
dehydrochlorination.

The reaction produces: a carbon-rich backbone (CH=CH),

hydrochloric acid (HCI)

This is the key chemical step in the breakdown of PVC under SCW conditions.

What happens to the HCI?
In the high-temperature, high-pressure aqueous environment, HCI dissociates into hydrogen and chloride
ions:

@ HCl > H+CI-
The released chlorine therefore exists primarily as inorganic chloride (CI’) in the aqueous phase.
Where suitable alkaline minerals or bases are present, acidity can be neutralised. For example:

@ 2 HCl + CaCOs — CaCl: + CO: + H:0

This produces calcium chloride, which remains as dissolved ions in water and may form a salt upon
concentration or drying.

Sodium ions may also be present in the process water. In that case, chloride and sodium can ultimately
occur as sodium chloride (NaCl), particularly following concentration or drying.

Plain-English Explanation
In Subcritical Water, PVC does not burn — it undergoes chemical dehydrochlorination and breakdown

within the aqueous process.

o Chlorine is removed from the PVC chain.

o The released HCI dissociates in water into H and CI".

e The chlorine therefore moves primarily into the aqueous phase as inorganic chloride and,
depending on the water chemistry, may ultimately form salts such as NaCl or CaCl..

o The remaining carbon-rich polymer structure undergoes further hydrothermal decomposition
and contributes to the carbon-rich char.

Because this occurs within a sealed, non-combustion hydrothermal process:
e there is no conventional combustion flue gas
o PV C-derived chlorine is primarily managed within the aqueous process rather than through a
combustion exhaust stream
o the conventional combustion pathway associated with dioxin formation is avoided
e there is no conventional combustion stack emission

1.3.3 PFAS Defluorination
PFAS degradation and defluorination involve hydrothermal cleavage of C—F bonds. Released
fluoride enters the aqueous inorganic phase and may remain dissolved or form inorganic
fluoride-containing phases depending on process-water chemistry.

C-F+H,0->C-H+F +OH

(Detoxification of PFAS Using Subcritical Water EJ.pdf; Ishimori, 2019; Patel et al., 2024)
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PFAS Defluorination — Plain-English Explanation Block

What each part means:

@ CF

This is the carbon—fluorine bond, one of the strongest bonds in organic chemistry. Its exceptional stability is
a major reason PFAS are highly persistent in the environment.

@® + H:0

Under SCW conditions (230-265 °C, 3—5 MPa), high-temperature, high-pressure water provides a highly
reactive hydrothermal environment in which PFAS molecules can undergo decomposition and
defluorination.

@ C-F bond cleavage — F~

The critical step in PFAS destruction is cleavage of the carbon—fluorine bond, releasing fluorine from the
organic molecule as fluoride ion (F").

Once fluorine is released as inorganic fluoride, it is no longer present as part of the original PFAS molecule.
SCM's stated process performance is the complete decomposition of PFAS to inorganic fluoride ions, rather
than simply adsorption, filtration or concentration of the PFAS.

What happens to the fluoride (F")?

Fluoride released through defluorination enters the aqueous inorganic phase. Depending on the process-
water chemistry and the ions present, it may remain as dissolved fluoride or form inorganic fluoride salts.
For example:

@ 2 F +Ca* — CaF: (s)

Calcium fluoride may precipitate where sufficient calcium is present and the relevant chemical conditions
are reached.

Sodium and fluoride ions may also coexist in the aqueous phase and can ultimately occur as sodium fluoride
salts following concentration or drying.

The important distinction is that the fluorine has been converted from organically bound fluorine in PFAS to
inorganic fluoride.

Plain-English Explanation

PFAS are extremely difficult to destroy because of their strong carbon—fluorine bonds.

SCM uses the high-temperature, high-pressure subcritical-water environment to decompose the PFAS
molecule and break carbon—fluorine bonds, releasing the fluorine as inorganic fluoride ions.

According to the SCM process description provided by the technology developer, PFAS are completely
decomposed to fluoride ions rather than merely adsorbed or concentrated.

The resulting fluoride is managed within the aqueous process and may remain dissolved or, depending on
water chemistry, form inorganic fluoride salts such as CaF-.

Japanese analytical results provide evidence of PFAS degradation and fluoride formation. For application to
particular feedstocks, the extent of PFAS destruction, defluorination and any residual organofluorine should
also be confirmed through appropriate analytical testing.

Why this is important?

PFAS: SCM is designed to destroy PFAS rather than simply transfer it to another waste stream.
Defluorination: C—F bond cleavage releases fluorine from the organic PFAS molecule as inorganic fluoride.
Fluoride: Released fluoride enters the aqueous inorganic phase and may remain dissolved or form inorganic
fluoride salts depending on water chemistry.

Char: Residual PFAS and organofluorine in the solid fraction can be independently verified analytically.
Gas phase: Japanese process analyses have reported cases in which volatile fluorine species were not
detected; representative process-specific analysis can confirm this performance.

Emissions: SCW is an enclosed, non-combustion process with no conventional combustion stack.

The transformations take place within the enclosed hydrothermal process rather than through combustion.
This gives SCM an important distinction from treatment technologies that primarily capture, adsorb or
concentrate PFAS without destroying the PFAS molecule.

1.3.4 CCA-Treated Timber Metal Stabilisation
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CCA Metal Stabilisation — Plain-English Explanation Block

What each part means:
CCA-treated timber contains three principal preservative metals: copper (Cu), chromium (Cr) and arsenic
(As).
Unlike organic contaminants, these metal elements cannot be destroyed by SCW. Instead, SCW treatment
can change their chemical form and their distribution between the solid and aqueous phases.
e Copper (Cu)
Copper retained in the char may occur in mineral-associated or carbon-associated forms. These forms can
substantially reduce its mobility and leachability.
e Chromium (Cr)
Chromium can undergo changes in chemical form during SCW treatment and may become associated with
relatively stable mineral or carbon phases within the char, substantially reducing its mobility and
leachability.
® Arsenic (As)
Arsenic may similarly become associated with mineral phases and the carbon/mineral structure of the char,
reducing its mobility and potential leachability. Some arsenic may also partition into the aqueous phase
depending on feedstock and process chemistry.
Japanese analytical testing of SCW-treated residues has reported cases in which Cu, Cr and As were not
detected in the leachate under the applied JLT/JLT-type test methods.
Plain-English Explanation
In CCA-treated timber, the principal hazardous components are the preservative metals copper, chromium
and arsenic.
Under SCW:

1. The timber's organic structure is broken down by hydrothermal reactions.

2. The metals are not destroyed, but their chemical forms and distribution can change.

3. Metals retained in the char can become associated with mineral phases and the carbon-rich

matrix.
4. These associations can substantially reduce metal mobility and leachability.
5. Some metals may also partition into the aqueous phase, making analysis of both the solid and
water fractions important.

Because SCW operates at approximately 230-265°C as a non-combustion hydrothermal process, metal
behaviour differs fundamentally from high-temperature combustion, where certain metals or metal
compounds may volatilise or become concentrated in fly ash.
SCW therefore offers the potential to stabilise CCA metals in less mobile and less readily leachable forms,
while actual retention, speciation and leachability should be confirmed for the particular feedstock by
total-metals and leachability testing.

1.4 Process Description

Step 1 — Feed Preparation

* Feedstock is reduced to a suitable processing size where required.

* Prepared waste is loaded into the pressure vessel for batch treatment.

Step 2 — High-Pressure Reactor
» Waste is loaded into the pressure vessel and mixed/agitated during treatment
* High-pressure saturated steam is injected directly into the vessel
* Treatment proceeds at approximately 230-265 °C and 3—-5 MPa
Step 3 — Reaction Phase
o Plastics depolymerise
e Organics hydrolyse
e PFAS defluorinate
e Metals stabilise

Step 4 — Product / Phase Recovery
Following treatment, depressurisation and drying, the process produces:
1. Carbon-rich solid fraction

10
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2. Recovered/condensed process water containing dissolved and suspended constituents
3. A relatively small gaseous/volatile fraction

Step 5 — Water Treatment and Recovery

Process water is treated and recovered for recirculation within the system. The detailed
treatment configuration, including any RO stage, should be confirmed from plant-specific
documentation.

Step 6 — Char Pelletisation
Optional energy product (“SCW pellet fuel”)

1.5 Comparative Analysis: SCW vs Incineration vs HTC

Feature SCW Incineration HTC
Operating |, 3, 56s50c 850-1100°C 180-220°C
Temp
Pressure |3-5 MPa Atmospheric ~2—4 MPa
Oxygen  |None required for reaction Required for combustion Nong required for
reaction
Destruction performance
PFAS PFAS dpcornposﬁmn and depends strongly on Limited: strongly
defluorination; performance to temperature, residence o
Treatment . . . i condition-dependent
be analytically verified time and operating
conditions
o . HCI and chlorinated by- |Dechlorination
Dechlorination — chlorine : . .
PVC L products require possible depending
. transferred primarily to . o
Handling . . . appropriate emission on treatment
aqueous inorganic chloride .
control conditions
Metals remain in ash
Changes in speciation and and/or may partition to  |Metals generally
Metals R . : LS
(CCA) partitioning; potential reduced |flue-gas residues remain in hydrochar
mobility/leachability depending on species and |and/or aqueous phase
conditions
Avoids conventional Formation con‘Frolled Avoids conventional
I . : through operating . !
Dioxins combustion formation =, combustion formation
athway conditions and flue-gas pathway
P treatment
. Carbog—rlch sohd;. potential Hydrochar: properties
Solid industrial fuel subject to
Bottom ash / fly ash depend on feedstock
Product |[feedstock and fuel o
) . and conditions
specifications
Process water
Water Process water recovered and |Not an inherent process  |generated; recovery
Recovery [recirculated within the system [feature depends on system
design
Electric Proposed NZ configuration |Generally requires Can be electrically
Operation |electrically driven combustion heated
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SCW combines the treatment of persistent organic contaminants with recovery of a
potentially usable carbon-rich fuel.
1.6 Advantages of SCW
e Non-combustion process with no conventional combustion stack emissions
o Treats difficult organic and contaminated waste streams through hydrothermal
decomposition, dechlorination, defluorination and contaminant management
e Produces high-energy char
e Avoids the conventional combustion pathway associated with dioxin formation
e Proposed NZ electric configuration — compatible with renewable electricity
e Compact footprint
e Proven at full scale in Japan (20+ years)
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water. Chemical Reviews, 102(8), 2725-2750. https://doi.org/10.1021/cr000668w

Kruse, A., & Dinjus, E. (2007). Hot compressed water as reaction medium and reactant.
Journal of Supercritical Fluids, 39(3), 362—-380. https://doi.org/10.1016/1.supflu.2006.03.016
Patel, S., Halder, P., Hakeem, 1. G., et al. (2024). The fate of fluorine during thermal
treatment of biosolids. Energies, 17(14), 3476. https://doi.org/10.3390/en17143476

Soler, A., Conesa, J. A., & Ortufio, N. (2018). Application of subcritical water to dechlorinate
PVC electric wires. Energies, 11(10), 2612. https://doi.org/10.3390/en11102612

Wang, Z., Zhang, L., & Xu, F. (2023). Migration of chlorine during hydrothermal treatment
of rigid PVC plastics. Journal of Environmental Management, 345, 118613.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10488432/

Polymer Degradation and Stability. (2001). Dechlorination of poly(vinyl chloride) under
high-temperature, high-pressure water. Polymer Degradation and Stability, 74(1), 113—117.
Detoxification of PFAS Using Subcritical Water (EJ). (2020). AIST Japan.
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2.0 PVC and Chlorinated Plastics in
Subcritical Water (SCW)

2.1 Overview

Polyvinyl chloride (PVC) is one of the most challenging plastics to manage under
conventional waste systems due to its high chlorine content (57% by weight),
dehydrochlorination behaviour, and potential formation of toxic by-products (e.g., HCI,
dioxins) under combustion.

Subcritical Water (SCW) processing provides a non-combustion hydrothermal pathway for
PVC decomposition. Under 230-265 °C and 3—5 MPa, PVC undergoes hydrothermal
dechlorination, with chlorine released primarily into the aqueous phase as inorganic chloride
and the remaining carbon-rich polymer structure undergoing further decomposition and
carbonisation. Depending on the process-water chemistry and subsequent concentration or
drying, chloride may ultimately occur in salts such as NaCl or CaCl..

Plain-English Explanation Block
* PVC undergoes dechlorination and breakdown in hot, pressurised water.
* The released chlorine moves primarily into the aqueous phase as inorganic chloride rather than through a
combustion exhaust stream.
* The remaining carbon-rich polymer structure undergoes further hydrothermal decomposition and
contributes to the carbon-rich char..

PVC Management:

PVC is routinely co-processed with other wastes to maintain a buffered pH during
dehydrochlorination. Where PVC concentration is elevated, operators may add mild alkaline
reagents (e.g., Ca(OH)2, Na2CO:s) to neutralise acidity associated with dehydrochlorination.
The released chlorine is managed primarily as inorganic chloride within the aqueous phase
and, depending on the water chemistry and downstream processing, may ultimately occur as
salts such as NaCl or CaCl.. This approach has been used in Japanese SCW facilities for over
20 years with no observed corrosion or reactor degradation.

This chapter outlines the mechanisms, reaction pathways, immobilisation processes, and
safety outcomes for PVC treated in SCW.

2.2 Chemical Behaviour of PVC Under SCW Conditions

At 230-265 °C in a compressed-liquid water environment, water exhibits reduced dielectric
constant, elevated ionic product, and strong nucleophilic behaviour, enabling the breakdown
of PVC polymer chains.

2.2.1 Primary Reaction: Dehydrochlorination
The initial reaction is rapid dehydrochlorination:
—(CH,—CHCl)—, » «(CH=CH)-, + n HCI

Hydrochloric acid is released directly into the aqueous phase where it is captured and
neutralised.

Supporting References:
(Ishimori, 2019; Polymer Degradation and Stability, 2001; Soler et al., 2018)
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Primary Reaction: Dehydrochlorination — Plain-English Explanation Block: Chemical Reaction
What each part means

* «(CH—CHCl)—,

This is the repeating unit of PVC (polyvinyl chloride) — a long plastic chain made of carbon, hydrogen and
chlorine atoms.

¢ — —(CH=CH)—,

As chlorine is removed through dehydrochlorination, an unsaturated, carbon-rich polymer structure remains
and undergoes further hydrothermal decomposition and carbonisation under SCW conditions.

*+n HCI

During dehydrochlorination, chlorine is released as hydrochloric acid (HCI). Within the high-temperature,
high-pressure aqueous environment, HCI dissociates into H" and Cl-, with the chlorine therefore present
primarily as inorganic chloride in the aqueous phase.

Why this reaction matters

Under SCW:

1. PVC undergoes dechlorination without combustion

Chlorine is removed from the PVC polymer and transferred primarily into the aqueous phase as inorganic
chloride.

This means that PVC is treated without the conventional combustion pathways associated with:

HCl-containing combustion flue gas
smoke and combustion fumes
combustion-derived dioxin formation
corrosive combustion exhaust streams
2. The remaining polymer contributes to carbon-rich char
Following dechlorination, the carbon-rich polymer structure undergoes further hydrothermal decomposition
and carbonisation, contributing to the resulting char.
Depending on the overall feedstock, the resulting char can have:
e  high carbon content
o useful calorific value
e  potential for use as an industrial fuel, subject to meeting the required fuel-quality specifications

3. SCW avoids the conventional combustion pathway for toxic chlorinated by-products

Because SCW is a water-based, non-combustion hydrothermal process:

there are no flames

there is no conventional combustion flue gas

the conventional combustion pathway associated with dioxin formation is avoided
PVC-derived chlorine is managed primarily within the aqueous process as inorganic chloride

Residual chlorinated organic compounds or transformation products can be analysed where relevant to
confirm treatment performance for the particular feedstock.

This is a fundamental distinction between SCW and conventional combustion-based treatment of PVC-
containing wastes.

2.3 Neutralisation and Chlorine Management
2.3.1 Chloride Association with Sodium in the Aqueous Phase
HCI + Na™ - NaCl

2.3.2 Reaction With Calcium-Based Alkalinity
2HCI + CaCO3 — CaCl, + CO, + H,0

These reactions transfer PVC-derived chlorine primarily into the aqueous phase as inorganic

chloride, where acidity can be neutralised and chloride may subsequently occur as dissolved
ions or inorganic salts depending on the process-water chemistry.
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Supporting References:
(Ishimori Industry Co., 2018; Soler et al., 2018; Wang et al., 2023)

Neutralisation and Chlorine Management — Plain-English Explanation Block
What happens to the chlorine released from PVC?
HCI (Hydrochloric Acid)
During PVC dehydrochlorination, chlorine is released as HCI. In the high-temperature, high-pressure
aqueous environment, HCI dissociates:
HCl - H"+CI
The chlorine therefore exists primarily as inorganic chloride (CI") in the aqueous phase.
Neutralisation of acidity
Alkaline compounds present naturally in the waste, or added where required, can neutralise the acidity
produced during dehydrochlorination.
For example:
2 HC1 + CaCOs — CaCl: + CO:2 + H0
Calcium carbonate may be present in concrete, soil, mineral matter and other components of mixed waste, or
alkaline reagents can be added deliberately where required.
Sodium ions may also be present in the process water. Depending on water chemistry and subsequent
concentration or drying, sodium and chloride may ultimately occur as sodium chloride (NaCl).
Why this matters for SCW
1. Organic chlorine is converted primarily to inorganic chloride
Dehydrochlorination removes chlorine from the PVC polymer. The released chlorine enters the aqueous
phase primarily as inorganic chloride rather than remaining organically bound within the original PVC.
Depending on process chemistry and downstream water treatment, chloride may remain dissolved or
ultimately occur in salts such as NaCl or CaCl..
2. Chlorine is managed within an enclosed aqueous process
Because SCW is a sealed, non-combustion hydrothermal process:

e PVC-derived chlorine is primarily managed within the aqueous phase

e there is no conventional combustion flue-gas pathway

e acidity can be neutralised within the process

e there is no conventional combustion stack emission
3. The conventional combustion pathway for dioxin formation is avoided
SCW does not burn the PVC. It therefore avoids the conventional combustion conditions associated with
dioxin formation from chlorine-containing waste.
Where technically relevant, residual chlorinated organic compounds and transformation products can be
analysed to verify treatment performance for the particular feedstock.

2.4 Polymer Backbone Transformation
After HCI cleavage, the polymer chain becomes unsaturated and collapses into a carbon-rich
solid similar to char or coal.

Resulting Solid:

* Carbon-rich solid residue

» Composition dependent on feedstock

* Calorific value, ash, sulphur and chlorine vary according to feedstock

* Can be pelletised for handling

* Potential industrial fuel where applicable fuel-quality specifications are met

Supporting References:
(Ishimori Industry Co., 2018; Processing System SCW_E.pdf; SCW Reports ENGLISH)

2.5 Fate of Chlorine
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Chlorine originally bound within PVC is released during dehydrochlorination and
transferred primarily into the aqueous phase as inorganic chloride (CI).
Depending on the process-water chemistry and subsequent concentration or drying, this
chloride may remain dissolved or ultimately occur as inorganic salts such as:

e NaCl (Sodium chloride)

e (CaCl: (Calcium chloride)
Chloride is subsequently managed within the process-water and water-recovery system.
Because SCW is a non-combustion process, it avoids the conventional combustion pathway
associated with HCl-containing flue gas and dioxin formation.

Supporting References:
(Ishimori, 2019; Detoxification of PFAS Using Subcritical Water EJ.pdf; Wang et al., 2023)

2.6 Residue Characteristics and Safety
2.6.1 Solid Residue (Char)
e Carbon-rich solid residue
e Chemically stable and readily handled
e Fuel properties depend on the processed feedstock
e Potentially suitable as an industrial fuel or coal substitute, subject to fuel-quality
specifications
2.6.2 Leachability
Reported Japanese JLT and JLT-based analytical tests provide evidence that, for the tested
SCW materials:
e Organic chlorine was not detected in the reported leaching analyses
e Chlorine was reported predominantly in inorganic forms
e Reported analyses found no detectable dioxins or vinyl chloride monomer in the
samples/tests where these were examined

Supporting References:
(SCW Reports ENGLISH; Ishimori Industry Co., 2020)

2.7 Comparison With Conventional Disposal Technologies
Incineration
o Temperature 850-1100 °C
Major risks: HCI gas, dioxins, fly ash contamination
High corrosion
o High emission control costs
Pyrolysis
e Often fails to dechlorinate PVC fully
e Risk of chlorinated tars and oils
o High-temperature corrosion issues persist
Subcritical Water
e No combustion
e Avoids the conventional combustion pathway for dioxin formation
e PVC-derived chlorine transferred primarily to aqueous inorganic chloride
e Corrosion managed through process chemistry and materials selection
e Can be electrically driven — proposed NZ configuration compatible with renewable
electricity
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Supporting References:
(Akiya & Savage, 2002; Kruse & Dinjus, 2007)

2.8 Summary
PVC, one of the most problematic plastics for traditional systems, can be treated through a
non-combustion hydrothermal pathway under SCW:

e Hydrothermal dechlorination of PVC

e PVC-derived chlorine transferred primarily to inorganic chloride

e No conventional combustion emissions

e Avoids the conventional combustion pathway for dioxin formation

e (Carbon-rich solid residue with potential value as fuel

e Compatible with a fully electric configuration and renewable electricity

Japanese Sources (Romanised + Original + English Translation)

Ishimori, K. (2019). Arinkai shiryé: Subcritical water technical reference [BBEZSRER} : &
B SR 4T & £H. Ishimori Industry Co. Ltd.

Ishimori Industry Co. Ltd. (2018). Tsui ka shiryo, toriatsukai chiii: Supplementary technical
data [(BINERL BV ZKLVEER © HilT# 2 7 — #]. Internal technical manual.

Ishimori Industry Co. Ltd. (2020). SCW system overview [SCW > X 7 LEE]. In SCW
Reports ENGLISH (certified analysis results).

Ishimori Industry Co. Ltd. (2021). SCW tech and patents overview [SCW FZ4i7 &z O aT18E

Z]. Internal engineering document.

Ishimori, K. (n.d.). Interview: “SCW: Subcritical Water — Interviews with Kaneo Ishimori”.
Substack. Retrieved from https://substack.com/home/post/p-165440328

English / Academic Sources

Akiya, N., & Savage, P. E. (2002). Roles of water for chemical reactions in high-temperature
water. Chemical Reviews, 102(8), 2725-2750. https://doi.org/10.1021/cr000668w

Kruse, A., & Dinjus, E. (2007). Hot compressed water as reaction medium and reactant.
Journal of Supercritical Fluids, 39(3), 362—-380. https://doi.org/10.1016/1.supflu.2006.03.016
Polymer Degradation and Stability. (2001). Dechlorination of poly(vinyl chloride) under
high-temperature, high-pressure water. Polymer Degradation and Stability, 74(1), 113—117.
Soler, A., Conesa, J. A., & Ortufio, N. (2018). Application of subcritical water to dechlorinate
PVC electric wires. Energies, 11(10), 2612. https://doi.org/10.3390/en11102612

Wang, Z., Zhang, L., & Xu, F. (2023). Migration of chlorine during hydrothermal treatment
of rigid PVC plastics. Journal of Environmental Management, 345, 118613.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10488432/

Technical & Government Sources

AIST Japan. (2020). Detoxification of PFAS using subcritical water [EJ technical report].

Processing System SCW _E. (2017). Sub-critical water waste processing system — English
brochure. Ishimori Industry Co. Ltd.

SCW Reports ENGLISH. (2020). Certified analysis of SCW residues (multiple JLT-based
tests).
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3.0 PFAS Forever Chemical Destruction in
Subcritical Water

3.1 Introduction

Per- and polyfluoroalkyl substances (PFAS) are among the most persistent synthetic
chemicals due to the strength of the carbon—fluorine (C—F) bond (=485 kJ/mol). Conventional
waste technologies—landfilling, low-temperature incineration, pyrolysis, and composting—
do not reliably break PFAS molecules, often redistributing them into leachate, flue gas, or
residual solids.

Subcritical Water (SCW) treatment offers a hydrothermal decomposition and defluorination
pathway because hot compressed water (230-265 °C, 3—5 MPa) provides:

e High ion product (Kw)

e Strong nucleophilic OH™ activity

e Rapid hydrolysis and defluorination conditions

o Fully enclosed, non-combustion reactor with no conventional combustion stack

Japanese SCW systems have treated PFAS-bearing sludge and industrial wastewater for more
than a decade, with Japanese analytical results indicating PFAS degradation and fluoride
formation. The extent of defluorination and any residual organofluorine should be confirmed
for the particular feedstock and operating conditions.

PFAS Water-Phase Management:

Where PFAS defluorination occurs, released fluorine enters primarily into the aqueous phase
as inorganic fluoride. Depending on process-water chemistry, fluoride may remain dissolved
or become associated with inorganic mineral phases. Subsequent treatment and concentration
of fluoride-containing process water should be established from the actual Arinkai water-
treatment configuration. Any concentrate, brine or residual solid should remain within the
overall contaminant mass balance and be characterised appropriately.

3.2 Mechanism of PFAS Breakdown in SCW
3.2.1 Hydrothermal cleavage of the C—F bond
Under SCW conditions:
CF+H,O0-C-H+F +0OH"

The process begins with nucleophilic attack by OH", forming defluorinated organics and
releasing fluoride ions (F).
(Akiya & Savage, 2002; Patel et al., 2024)
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PFAS C-F Bond Cleavage (3.2.1) Plain-English Explanation Block
What the reaction means: Simple Explanation
e PFAS molecules contain extremely strong carbon—fluorine (C—F) bonds.
These are among the strongest bonds in organic chemistry and are a major reason PFAS are
extremely persistent in the environment.
e Inside SCW, the hydrothermal reaction environment promotes breakdown of PFAS and
cleavage of C—F bonds.
Breaking these bonds is the critical step in PFAS defluorination.
e  When a C-F bond is cleaved, fluorine is released as inorganic fluoride (F).
The fluorine is no longer organically bound within the original PFAS molecule and enters the
aqueous inorganic phase.
e The remaining carbon structure undergoes further hydrothermal transformation.
As PFAS decomposition proceeds, the carbon-containing portion can undergo further reactions and
ultimately partition between aqueous products, carbon-rich solids and other reaction products
depending on treatment conditions.
e OH (hydroxide) is part of the reactive water chemistry.

Why this matters
Breaking the C—F bond is a key step in PFAS destruction and defluorination.
According to the SCM process developer, PFAS are completely decomposed through the SCM treatment
process to inorganic fluoride ions rather than simply being adsorbed or concentrated.
Once released as F~, fluoride enters the aqueous inorganic phase. Depending on the chemistry of the process
water, it may remain dissolved or subsequently form inorganic fluoride salts.
For example:
e CaF: (calcium fluoride) — may precipitate where sufficient calcium is present and chemical
conditions favour precipitation
e NaF (sodium fluoride) — may occur where sodium and fluoride are present, particularly following
concentration or drying
Ultra-simple summary
e SCW breaks down PFAS and cleaves C—F bonds.
Fluorine is converted from organically bound fluorine to inorganic fluoride.
The released fluoride is managed in the aqueous phase and may subsequently form inorganic salts.
The remaining carbon-containing material undergoes further hydrothermal transformation.

3.2.2 Fate of Released Fluoride
Fluoride released through PFAS defluorination enters primarily into the aqueous inorganic
phase. Depending on the process-water chemistry, fluoride may remain dissolved or may
form inorganic fluoride salts:

2F~ + Ca*t - CaF,(s)

F~ 4+ Nat - NaF(s)

Where precipitation occurs, fluoride may be incorporated into mineral phases such as CaF-.
Dissolved fluoride and any precipitated fluoride-containing solids are subsequently managed
through the process-water treatment and residue-management system. (Ishimori, 2019; Patel
et al., 2024)
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3.2.2 Fate of Released Fluoride — Plain-English Explanation Block
What the reactions mean
2F + Ca®* - CaF,(s)
Fluoride ions (F) released during PFAS defluorination may react with calcium (Ca?") present in the waste or
process water.
Where chemical conditions favour precipitation, this can form calcium fluoride (CaF-), a naturally occurring
mineral known as fluorite.
F~ 4+ Na* - NaF(s)
Sodium and fluoride ions may also coexist in the aqueous phase and may ultimately occur as sodium
fluoride (NaF), particularly following concentration or drying.

Plain-English Breakdown
e When PFAS undergoes defluorination, inorganic fluoride ions are released.
e  These fluoride ions enter primarily into the aqueous phase.
e Depending on the water chemistry, fluoride may remain dissolved or form inorganic fluoride salts.
e Calcium fluoride (CaF:) may precipitate where sufficient calcium is present and conditions favour
precipitation.
e  Fluoride remaining in solution is subsequently managed through the process-water treatment and
residue-management system.
The important transformation is that fluorine is converted from organically bound fluorine within
PFAS to inorganic fluoride, rather than simply being captured or concentrated as the original PFAS
compound.

3.2.3 Fate of carbon backbone
Defluorinated carbon-containing products may undergo further hydrothermal reactions
including:
e Hydrolysis and transformation to smaller organic compounds
o Further decomposition and carbonisation, with some carbon potentially contributing
to char
o Formation of gaseous carbon products, including CO-, depending on treatment
conditions
Reported Japanese SCW plant data indicate that gas generation is typically low, with CO2
reported at <2% in the referenced operating data. (SCW Reports ENGLISH, 2020)

3.3 PFAS Treatment Performance

Japanese analytical data and published hydrothermal research provide evidence that PFAS
can undergo substantial degradation and defluorination under hydrothermal treatment
conditions. Reported performance varies significantly with PFAS species, temperature,
pressure, alkalinity, residence time and feedstock matrix.

According to the SCM process developer, the intended process outcome is complete
decomposition of PFAS to inorganic fluoride ions. For feedstock-specific technical
verification, however, treatment performance should be demonstrated analytically by
measuring residual PFAS and fluorine across the relevant output streams.

(Japanese JIS/JLT and other analytical results are included in SCW Reports ENGLISH.)

* Final char / solid residue

* Treated process water

* RO concentrate or brine, where RO is used
* Other relevant solid residues

3.4 Comparison: PFAS Treatment Technologies
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Technology PFAS Destroyed? Risks / Issues Notes
Yes — PFAS No conventional
. Enclosed, non- .

decomposition / : combustion stack; process
SCW PP combustion

defluorination — water recovered and

. . . process

inorganic fluoride treated
Low-temp Partial PFAS — PFHxS, [Not recommended by
incineration PFBA, HF gas USEPA
High-temp . High energy, HF  [Expensive; compliance-
Incineration Yes (possibly) scrubbers required |intensive
(>1,200 °C) d
Pyrolysis No PFAS survive Creates contaminated char
Landfilling No Leachat'e . Long-term liability

contamination
Activated carbon |[Adsorbs only Must later be Shifts problem
destroyed
. PFAS concentrate .

Reverse osmosis [Removes only must be treated Costly concentrate disposal

SCW provides a promising enclosed, non-combustion hydrothermal pathway for PFAS
degradation and potential mineralisation, with performance dependent on operating
conditions and feedstock.

3.5 Operational Outputs for PFAS-containing Waste
Solid Fraction (Char/Ash)
e May contain inorganic fluoride-bearing mineral phases depending on process-water
and feedstock chemistry
e Available Japanese analytical data provide evidence relevant to fluorine behaviour,
but the material reviewed does not establish a general finding of non-detectable
organic fluorine. Representative feedstock-specific testing should include target PFAS
and, where analytically practicable, total organic fluorine (TOF) or adsorbable organic
fluorine (AQOF) to confirm performance.
e Reported Japanese leaching tests showed non-detect or low leachability for the tested
materials under the applied test conditions
o Potentially suitable for disposal or energy recovery depending on composition and
applicable acceptance criteria
Aqueous Fraction
e Contains fluoride (F") and chloride (CI") as dissolved ions
o RO/ion-exchange treatment can remove and concentrate dissolved ions from the
process water
e Reported Japanese systems recover and reuse treated process water
Gas Fraction
e Reported Japanese operating data indicate low gas generation, with CO- reported at
<2% in the referenced data
e No volatile fluorine species detected in the reported Japanese gas analyses
e No HF detected in the reported Japanese gas analyses

3.6 Key Advantages for PFAS Streams
SCM is designed to destroy and defluorinate PFAS rather than simply adsorb or concentrate
it, with treatment performance confirmed through appropriate analytical verification.
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e No conventional combustion flue-gas treatment system required

e No volatile fluorine compounds detected in reported Japanese gas analyses

o Operates at achievable temperatures (230-265 °C)

e Proposed NZ electric configuration — compatible with renewable electricity

e Closed-loop water recovery system — enables containment and treatment of
fluoride and residual contaminants within the process-water system

e Produces carbon-rich char with potential value as fuel, subject to confirmation of
residual PFAS, fluorine and other fuel-quality parameters

3.7 References
Japanese Sources

Ishimori, K. (2019). Arinkai shiryé: Subcritical water technical reference [BREZSRER} © &
BS SR KT MTE K. Ishimori Industry Co. Ltd.
AIST Japan. (2020). Detoxification of PFAS using Subcritical Water [EJ technical report].

National Institute of Advanced Industrial Science and Technology.
SCW Reports ENGLISH. (2020). Certified analysis of SCW residues.

English / Academic Sources

Akiya, N., & Savage, P. E. (2002). Roles of water for chemical reactions in high-temperature
water. Chemical Reviews, 102(8), 2725-2750.

Patel, S., Halder, P., Hakeem, 1. G., et al. (2024). The fate of fluorine post PFAS destruction
during thermal treatment of biosolids. Energies, 17(14), 3476.
https://doi.org/10.3390/en17143476

4.0 CCA-Treated Timber: Metal
Immobilisation in SCW

4.1 Introduction

Chromated Copper Arsenate (CCA) remains one of the most problematic legacy waste
streams in New Zealand. Although new residential CCA use was phased down in the late
1980s—2000s, large volumes of CCA-treated timber remain in construction and
demolition (C&D) waste, landscaping materials, farm posts, and utility poles.

Note: Japan Timber Treatment

Subcritical Water (SCW) provides Japan with a non-combustion method for processing these legacy materials,
breaking down the organic timber matrix and enabling CCA metals to be retained or redistributed into less
mobile mineral- and carbon-associated forms, while organic contaminants such as creosote undergo
hydrothermal decomposition.

Conventional options—Iandfilling, incineration, and pyrolysis—pose long-term risks:
o Landfills: Cr, Cu, and As leaching over decades (MfE, 2004; MfE, 2019).
o Incineration: Potential volatilisation of arsenic oxides and chromium species.
o Pyrolysis: Metals remain concentrated in the resulting char/ash and may retain
significant mobility or leachability depending on metal species and process
conditions.
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SCW offers a non-combustion, closed-loop process that hydrolyses organics and can stabilise
heavy metals in less mobile, less readily leachable mineral- and carbon-associated forms
within the solid residue.

Japanese laboratory analyses of tested SCW residues have reported no detectable leaching of
Cr, Cu or As under the applied test methods. These results should not be taken as establishing
identical performance for all CCA feedstocks, which should be verified by representative
total-metals and leachability testing.

4.2 Mechanisms of Metal Stabilisation in SCW

CCA-treated timber contains the elements:

Copper (Cu)

Chromium (Cr)

Arsenic (As)

These metals can occur in different oxidation states and chemical forms depending on the
original preservative chemistry, timber ageing and treatment conditions.

Under SCW conditions (230-265 °C, 3—5 MPa), CCA metals can undergo changes in
speciation and partitioning between the solid and aqueous phases. Metals retained in the solid
residue may become associated with mineral and carbon-rich phases that reduce their
mobility and leachability.

4.2.1 Chromium

Chromium released from the treated timber matrix can undergo changes in oxidation state,
speciation and mineral association under hydrothermal conditions. Chromium retained in the
solid residue may become associated with stable oxide, hydroxide, mineral and carbon-rich
phases, reducing its mobility and leachability.

Reported Japanese leachability testing provides evidence of low or non-detectable chromium
leaching from the tested SCW residues under the applied test conditions.

4.2.2 Copper

Copper released during decomposition of the timber matrix can partition between the aqueous
and solid phases. Copper retained in the solid residue may become associated with oxide,
hydroxide, mineral and carbon-rich phases, potentially reducing its mobility and leachability.
Reported Japanese leachability testing provides evidence of low or non-detectable copper
leaching from the tested SCW residues under the applied test conditions.

4.2.3 Arsenic

Arsenic can undergo changes in speciation and partitioning during hydrothermal treatment.
Depending on pH, oxidation state, calcium and other mineral constituents, arsenic may
become associated with mineral phases or the carbon-rich solid residue. Some arsenic may
also partition into the aqueous phase, making water-phase analysis important.

Reported Japanese leachability testing provides evidence of low or non-detectable arsenic
leaching from the tested SCW residues under the applied test conditions.

Key Point:

Because SCW operates at substantially lower temperatures than conventional combustion,
volatilisation of CCA metals is expected to be substantially reduced. Actual metal partitioning
between solid, aqueous and any gaseous/residual streams should be confirmed analytically
for the relevant feedstock.

(Ishimori, 2019; SCW Reports ENGLISH)
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4.2 Mechanisms of Metal Stabilisation in SCW
CCA-treated timber contains three main preservative metals:

e Copper (Cu*)

e  Chromium (Cr* / Cr®%)

e Arsenic (As)
Under Subcritical Water (SCW) conditions (230-265 °C, 3—5 MPa), CCA metals can undergo changes in
chemical form and partitioning. Metals retained in the solid residue can become associated with more stable
mineral and carbon phases, reducing their mobility and leachability. This potential stabilisation is an
important advantage of SCW for treated-timber waste, but should be confirmed by feedstock-specific total-
metals and leachability testing.

4.3 Behaviour of CCA Timber in SCW

Step-by-step breakdown

1. Cellulose, hemicellulose and lignin undergo hydrothermal decomposition, breaking down
the treated-timber matrix.

2. CCA metals are released from their original associations within the timber and can
partition between the solid and aqueous phases.

3. Metal speciation can change through hydrolysis, complexation, adsorption and interaction
with mineral and carbon-rich phases.

4. A proportion of the metals may become retained in more stable solid-associated forms,
reducing their mobility and leachability.

5. The relative distribution of Cr, Cu and As between the solid and aqueous phases depends
on feedstock and treatment chemistry and should be established through mass-balance
testing.

6. The recovered process water is treated within the water-recovery system, with dissolved
contaminants concentrated or removed as required before water reuse.

Reported Japanese analyses of some treated-water samples have shown Cr, Cu and As below
detection under the applied analytical methods. Other reported water samples contained
measurable concentrations of one or more of these metals, demonstrating that aqueous-phase
partitioning is feedstock- and process-dependent. Feedstock-specific testing should therefore
confirm water-phase metal concentrations and treatment performance for CCA-treated timber
processed in a New Zealand system.

4.4 SCW Output Characteristics for CCA Timber
4.4.1 Solid Residue (Char / Mineral Fraction)
e Cr, Cu and As may be retained in the solid residue in mineral- and carbon-associated
forms
e Reported Japanese JLT/JLT-based leachability testing of tested SCW residues showed
Cr, Cu and As below detection under the applied test conditions
e Total metal concentrations may remain significant even where leachability is very low
e If the char is subsequently used as fuel, the fate of Cr, Cu and As during combustion
must be separately assessed, including their distribution between bottom ash, fly ash

and flue-gas treatment residues (See: SCW Reports ENGLISH and E & #Y)

4.4.2 Aqueous Fraction
Japanese process-water and discharge-water analyses demonstrate that some metals can
partition into the aqueous phase during processing. Reported results include measurable
concentrations of Cu, Cr and As in particular samples.
o Dissolved metals may therefore require management within the process-water
treatment system.
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o Water treatment and recovery can separate or concentrate dissolved contaminants, but
does not destroy elemental metals.

e Treated-water quality should be assessed against the applicable reuse or discharge
criteria.

o Feedstock-specific analysis and mass balance are required when processing CCA-
treated timber.

4.4.3 Gas Fraction

e SCW operates as a closed, non-combustion hydrothermal process rather than a
conventional combustion system.

e Overall gas generation is reported to be low in referenced Japanese operating data.

e The distribution of CCA metals between solid, aqueous and any gaseous or entrained
particulate phases should be confirmed by feedstock-specific mass-balance testing.

4.5 Comparison: SCW vs Landfilling vs Incineration for CCA Timber

Technology [Behaviour of Cu/Cr/As Principal considerations
Metals can partition between solid and Requires verification of metal
SCW aqueous phases; solid-associated metals distribution and leachability;
may occur in less mobile mineral- and aqueous contaminants require
carbon-associated forms management
. |Metals remain in treated timber and may  |Long-term leachate and
Landfilling . .
leach over time groundwater-management risk

Metals concentrate in ash and some
Incinerationmetals/species may volatilise or become
entrained in fly ash

Requires appropriate ash and air-
pollution-control management

Metals generally remain concentrated in
Pyrolysis |char/residue, with distribution and mobility
dependent on conditions

Char may require further treatment
or controlled management

SCW provides a closed, non-combustion pathway with the potential to retain CCA metals in
relatively stable mineral- and carbon-associated forms, reducing their mobility and
leachability compared with untreated material. Performance should be confirmed by
feedstock-specific testing.

4.6 Importance for New Zealand
New Zealand faces significant legacy stockpiles of:
CCA fence posts
Landscaping timber
e Farm and orchard poles
e Industrial offcuts
e Demolition waste
SCW provides:
e Significant volume reduction
e Potential reduction in long-term leachability and landfill liabilities
e A potential pathway for processing large volumes of legacy CCA-treated timber
e A non-combustion treatment option, with a fully electric configuration proposed for
New Zealand
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This approach is relevant to New Zealand objectives and regulatory considerations including:
e Waste Minimisation Act 2008
e MI{E hazardous-waste guidance
e Waste reduction and resource-recovery objectives
e Climate and emissions-reduction objectives
e Management of difficult and contaminated waste streams

4.7 References
Japanese Sources

Ishimori, K. (2019). Arinkai shiryé: Subcritical water technical reference [BREZSRER} © &
BS SR KT T E K. Ishimori Industry Co. Ltd.
Ishimori Industry Co. Ltd. (2020). SCW Reports ENGLISH (certified laboratory analysis and

leaching results).
Ishimori Industry Co. Ltd. (2018). Tsui ka shiryo, toriatsukai chiii: Supplementary technical

data DENIE R HUY FUWVERE]

English Sources

Akiya, N., & Savage, P. E. (2002). Roles of water for chemical reactions in high-temperature
water. Chemical Reviews, 102(8), 2725-2750. https://doi.org/10.1021/cr000668w

Kruse, A., & Dinjus, E. (2007). Hot compressed water as reaction medium and reactant.
Journal of Supercritical Fluids, 39(3), 362-380.

Ministry for the Environment (2004). Hazardous Waste Guidelines: Module 2 — Landfill
Waste Acceptance Criteria.

Ministry for the Environment (2019). Hazardous Waste Guide.

5.0 SCW char and Residue Characterisation

5.1 Introduction
Subcritical Water (SCW) processing produces a carbon-rich solid residue commonly referred
to as SCW char. Unlike pyrolysis char—which is produced by thermal decomposition under
oxygen-limited or oxygen-free conditions, typically at several hundred degrees Celsius—
SCW char is formed through hydrothermal decomposition and carbonisation at
approximately 230-265 °C under 3—5 MPa.
Because the SCW process occurs in a hot, pressurised aqueous environment and without
conventional combustion, the resulting char:
e is produced without conventional combustion and therefore avoids conventional
combustion-derived products
e contains carbon-rich material together with mineral constituents derived from the
feedstock
e may retain metals in mineral- and carbon-associated forms with reduced mobility and
leachability
e can have high energy value, depending strongly on feedstock composition
e can be dried and pelletised for handling and potential fuel use
Japanese facilities have produced SCW solid fuel over many years, with laboratory analyses
demonstrating high calorific values and providing analytical data on fuel composition, water
quality and selected environmental parameters.
5.2 Physical and Chemical Characteristics
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5.2.1 Appearance & Handling
SCW char is typically:

e black / dark brown

o relatively dry following the drying stage

e low-odour

o granular or powder-like, depending on feedstock and processing/drying conditions

(Processing System SCW_E.pdf; Ishimori, 2019)

This morphology reflects hydrothermal processing rather than conventional thermal cracking
or combustion.

5.2.2 Carbon Content

SCW treatment transforms the organic fraction of the feedstock into a carbon-rich solid
residue. Carbon content varies substantially according to the original waste composition,
particularly the relative proportions of biomass, paper, plastics and other organic materials.
Hydrothermal treatment removes water and transforms the organic feedstock, producing a
carbon-rich solid whose carbon content and composition depend strongly on the original
waste stream and treatment conditions.

5.2.3 Calorific Value (Energy Content)

Japanese certified analyses demonstrate substantial variation in SCW solid-fuel energy
content depending on feedstock and operating material.

Reported values include approximately 22-25.7 MJ/kg for Shiraoi and Shari samples, with
higher values of approximately 31-37.1 MJ/kg reported for Kitahiroshima/Hiroshima
samples.

For example, the 2024 certified Shari analysis reported a gross calorific value of 25.65
MJ/kg on a dry basis, while the Kitahiroshima analysis reported 37.13 MJ/kg on a dry
basis.

This places higher-energy SCW solid fuels within the broad energy-density range of
conventional solid industrial fuels, although actual fuel suitability depends on the complete
fuel specification rather than calorific value alone.

Sulphur and ash content also vary with feedstock. Japanese analyses have generally shown
relatively low sulphur levels, while ash content varies substantially between samples.
Suitability as an industrial fuel therefore depends on the applicable fuel specification and
feedstock composition.

5.3 Inorganic Constituents and Salt Formation

SCW treatment can transfer halogens and other inorganic constituents from the original
organic matrix into the aqueous and solid phases.

e Chlorine released during PVC dechlorination occurs primarily as aqueous inorganic
chloride, which may subsequently occur as dissolved chloride or inorganic salts
depending on process-water chemistry.

e Where PFAS defluorination occurs, organically bound fluorine is converted to
inorganic fluoride, which primarily enters the aqueous phase and may remain
dissolved or form inorganic fluoride-containing phases depending on process
chemistry.

e Metals and other inorganic constituents may partition between the aqueous phase and
solid residue and may become associated with mineral and carbon-rich phases.

The distribution and chemical form of these inorganic constituents depend on feedstock
composition and process-water chemistry and should be confirmed through appropriate
analytical testing and mass balance.

5.4 Metal Stabilisation and Partitioning
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Metals present in treated timber, sludge and other feedstocks are not destroyed by SCW
treatment. They may undergo changes in oxidation state, speciation and partitioning between
the solid and aqueous phases.
Metals retained in the solid residue may become associated with oxide, hydroxide, mineral
and carbon-rich phases, potentially reducing their mobility and leachability. However, the
degree of stabilisation is feedstock- and condition-dependent and should be demonstrated
through total-metals, leachability and mass-balance testing.
Japanese water analyses also demonstrate that some metals can occur in the aqueous phase
following treatment, reinforcing the need for appropriate process-water management. For
example, one reported treated-water sample contained measurable Cu and Cr, while a
separate discharge-water analysis reported measurable Cr(VI) and As.
5.5 Leaching & Environmental Performance
Japanese laboratory reports provide analytical evidence concerning the composition of SCW
solid fuels, treated water, discharge water and selected gaseous outputs.
Where leachability testing has been undertaken, results should be interpreted according to the
specific sample, analytical method and detection limit used. A result reported as “not
detected” means that the concentration was below the stated analytical quantification limit; it
does not mean that the element or compound was absent from the original material.
The SCW process is non-combustion and therefore avoids the conventional combustion
pathway associated with formation of combustion-derived dioxins and furans. Japanese
analytical reports also include dioxin testing of process-related samples and gaseous outputs.
For metals and other inorganic contaminants, environmental performance depends on their
distribution between:

o the carbon-rich solid residue

e process water

e concentrated water-treatment residuals or brine

e any gaseous or entrained particulate phase
Consequently, suitability of SCW char for subsequent use should be assessed against the
requirements of the intended application.
Potential pathways include:

o pelletised industrial fuel

e co-firing or boiler applications, subject to fuel specifications

o other industrial uses where the material meets applicable acceptance criteria

e controlled disposal where beneficial use is not appropriate
Where SCW char is subsequently combusted, the behaviour of metals and other inorganic
constituents during combustion must be considered separately from their behaviour during
SCW treatment. Metals may become concentrated in bottom ash, fly ash or air-pollution-
control residues, and some metals or species may volatilise depending on combustion
conditions.
5.6 Applications of SCW Char
5.6.1 Industrial Fuel
A principal potential application for SCW char is as a solid industrial fuel.
Japanese analytical results demonstrate calorific values ranging from approximately 22
MJ/kg to 37.1 MJ/kg in the samples examined, depending strongly on feedstock
composition and resulting fuel characteristics.
SCW solid fuel can be pelletised to increase bulk density and improve storage, handling and
transport characteristics.
Potential applications include:

o pelletised boiler fuel

e partial substitution for conventional solid fuels
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e supplementary fuel for appropriate industrial thermal processes
Actual acceptance will depend on the requirements of the receiving facility, including
calorific value, moisture, ash, chlorine, sulphur, metals and other relevant fuel-quality
parameters.
5.6.2 Other Material Uses
The mineral and carbon-rich characteristics of SCW residue may provide opportunities for
uses other than fuel.
Potential applications could include certain cement, construction or industrial-material
applications, but suitability will depend on the composition of the particular residue and the
technical and regulatory requirements of the receiving application.
Such uses should therefore be demonstrated through appropriate material-characterisation
and leachability testing rather than assumed from the SCW process alone.
5.6.3 Circular Economy Role
SCW char may contribute to circular-resource objectives by:
e recovering useful energy from waste that would otherwise be landfilled
o substantially reducing the mass and volume of material requiring disposal
e potentially stabilising some contaminants into less mobile forms
e recovering a carbon-rich solid product from mixed organic waste
e enabling recovery and reuse of process water within the SCW system
The extent of these benefits depends on feedstock composition, plant configuration, product
use and management of the aqueous and residual streams.
This approach is relevant to New Zealand objectives under the Waste Minimisation Act and
broader resource-efficiency, emissions-reduction and circular-economy objectives.
5.7 Key Outcomes
SCW char offers the potential for:
o High energy density: Japanese samples have demonstrated values up to 37.1 MJ/kg
e Non-combustion production: the char is produced without conventional combustion
e Variable but generally low sulphur: dependent on feedstock
o Contaminant stabilisation: some metals may become associated with less mobile
mineral- and carbon-rich phases
e Resource recovery: potential use as industrial fuel or, where demonstrated suitable,
other material applications
o Landfill reduction: substantial reduction in the quantity of original waste requiring
disposal
o Water recovery: process water can be treated and reused within the system
e Verifiable environmental performance: solid, aqueous and gaseous outputs can be
analysed to establish contaminant fate and mass balance
The SCW char pathway is fundamentally different from conventional pyrolysis or
incineration because the primary treatment reactions occur within a hot, pressurised
aqueous environment rather than through combustion. Organic contaminants can
undergo hydrothermal decomposition, while inorganic constituents are redistributed between
the solid and aqueous phases and can subsequently be managed through residue and process-
water treatment.

5.8 References
Japanese Sources
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6.0 Water Treatment, RO Management, and
System-Wide Fate of Contaminants

6.1 Introduction
A defining feature of Subcritical Water (SCW) processing is that treatment occurs within a
hot, pressurised aqueous environment. As the organic feedstock undergoes hydrothermal
decomposition, contaminants and reaction products can partition between the solid, aqueous
and minor gaseous phases.
The aqueous phase can therefore contain:

e dissolved inorganic salts and ions

e hydrolysed and dissolved organic compounds

e chloride released during dechlorination of PVC and other chlorine-containing

materials

e inorganic fluoride where PFAS defluorination occurs

e nutrients and nitrogen-containing compounds

e dissolved or suspended metals

o residual organic contaminants and transformation products
The process-water treatment and recovery system is therefore an integral part of the overall
environmental performance of SCW.
Japanese analytical reports demonstrate that treated and discharge waters can contain
measurable inorganic and organic constituents. Consequently, water quality must be assessed
as part of the complete system rather than assuming that contaminants remain entirely within
the solid residue.
6.2 Water Pathway in an SCW Facility
The general water pathway can be described as follows:
1. SCW Reactor
High-pressure saturated steam is introduced directly into the reactor containing the waste
feedstock. During treatment, hydrothermal reactions break down the organic matrix and
transfer some soluble reaction products and inorganic constituents into the aqueous phase.
Following treatment and depressurisation, steam and water are recovered for condensation
and treatment.
2. Separation of Solid and Aqueous Constituents
Following SCW treatment, contaminants can be distributed between:

o solid fraction: carbon-rich char, mineral matter and solid-associated contaminants
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e aqueous fraction: dissolved organic compounds, inorganic ions and soluble
contaminants

e minor gaseous/volatile fraction: depending on feedstock and treatment conditions
The relative distribution between these phases depends on feedstock composition, treatment
conditions and process-water chemistry.
3. Process-Water Treatment
The recovered aqueous phase requires treatment appropriate to its composition.
Potential constituents include:

e chloride

e fluoride

e sodium, potassium, calcium and other dissolved ions

o dissolved organic carbon and organic acids

e nitrogen-containing compounds

o dissolved metals

e residual contaminants and transformation products
Treatment requirements therefore depend on the particular feedstock and the quality required
for water reuse or discharge.
4. Filtration and Solids Removal
Suspended carbonaceous and mineral solids can be removed from the recovered water before
subsequent treatment stages.
The precise filtration and pretreatment configuration should be determined according to the
actual SCW plant design and process-water characteristics.
5. Reverse Osmosis and Other Water-Treatment Processes
Where Reverse Osmosis (RO) is used, it can separate a substantial proportion of dissolved
ions and other contaminants from the reusable water stream.
RO does not destroy contaminants. Instead, it produces:

e permeate: the lower-contaminant water stream

e concentrate/brine: a smaller stream containing higher concentrations of rejected

salts, metals and other contaminants

Other pretreatment or polishing stages may be required depending on process-water
composition and the required water quality.
6. Recovered Water
Treated water can potentially be returned to the SCW system, reducing demand for fresh
process water.
According to Ishimori's description of the SCM process, approximately 2,000-2,500 litres of
water are used per batch, largely independent of the mass of material treated, with
approximately 1,500 litres of condensed water/released steam recovered after treatment
and returned to the boiler system.
Actual plant-wide water recovery should be established from operating data and a complete
water balance rather than assumed from a generic recovery percentage.
7. Concentrated Residual Stream
Contaminants separated from reusable water do not disappear. They remain within
concentrated liquid or solid residual streams and require appropriate management.
The composition and final management pathway of RO concentrate or other water-treatment
residuals should therefore form part of the overall plant contaminant mass balance.
6.3 Chemical Processes in the Aqueous Phase
6.3.1 Chlorine Released from PVC
During hydrothermal dechlorination of PVC, organically bound chlorine can be released as
hydrochloric acid (HCI).
In water:

31



Originally prepared 11 Nov. 2025 by Rodney Hellyer of Recycling Oceania Ltd and Japanese Solutions Ltd, in association with Arinkai
Japan (Mr. Kaneo Ishimori), and updated September 2026. Based on Japanese-source technical data, site observations, and consultation with
SCW specialists and operators. This version is complete pending independent NZ radiocarbon analysis of SCW char. Enquiries: Rodney
Hellyer — rodney@japanesesolutions.co.nz

HCl - H"+ CI

The released chloride remains primarily within the aqueous inorganic phase.

Where an alkaline neutralising agent such as calcium carbonate is present, acidity can be
neutralised, for example:

2HC1 + CaCOs — CaCl: + CO: + H20

Depending on process-water chemistry and subsequent concentration or drying, chloride may
remain dissolved or ultimately occur in inorganic salts such as NaCl or CaCl..

Plain-English explanation

When PVC undergoes dechlorination in SCW, its chlorine is released into the water rather
than into a conventional combustion flue-gas stream.

The chlorine occurs primarily as inorganic chloride in the aqueous phase. Acidity can be
neutralised where necessary, while the resulting chloride is subsequently managed through
the process-water treatment and recovery system.

This is an important distinction between SCW treatment and conventional combustion of
chlorine-containing wastes.

6.3.2 PFAS Defluorination and Inorganic Fluoride
Where PFAS undergoes successful defluorination, carbon—fluorine bonds are cleaved and
organically bound fluorine is converted to inorganic fluoride (F°).
The released fluoride enters primarily into the aqueous inorganic phase.
Depending on water chemistry, fluoride may:

e remain dissolved in the process water

e become associated with inorganic constituents

o form fluoride-containing mineral phases where chemical conditions favour

precipitation

e become concentrated within a water-treatment residual stream
Calcium fluoride (CaF>) is one possible fluoride mineral where sufficient calcium is present
and precipitation conditions are favourable. However, formation of CaF: or other specific
fluoride minerals should not be assumed without appropriate chemical or mineralogical
analysis.

Plain-English explanation
SCM is designed to break down PFAS and convert organically bound fluorine into inorganic
fluoride rather than merely adsorbing or concentrating the original PFAS.
Once released, fluoride enters the process-water system. Its subsequent form and location
depend on the chemistry of that water.
The environmental objective is therefore not simply PFAS disappearance, but demonstration
of:

e destruction of the original PFAS

o extent of defluorination

e residual PFAS and transformation products

o fluoride distribution

o management of fluoride-containing water or residuals
These should be confirmed through appropriate analytical testing.

6.3.3 Organic Breakdown Products
Hydrothermal decomposition can produce a range of dissolved organic compounds,
potentially including:

e lower-molecular-weight organic acids
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e alcohols, ketones and other oxygenated compounds
o dissolved carbon species
o residual or intermediate organic compounds
The precise composition depends strongly on the original feedstock and SCW treatment
conditions.
These compounds form part of the process-water treatment load and should be characterised
using appropriate parameters such as TOC/DOC, COD and, where relevant, compound-
specific analysis.
Japanese analytical reports provide actual water-quality measurements for SCW-related
samples and demonstrate that treated water should be evaluated against measured analytical
results rather than assumed to be contaminant-free.
6.4 Gas and Volatile Fraction
SCW is a non-combustion process, and reported Japanese operating information indicates
that gas generation is relatively small compared with the principal solid and aqueous outputs.
The gaseous or volatile fraction can nevertheless depend on feedstock and operating
conditions.
Reported Japanese analyses should therefore be described according to the compounds
actually measured and their analytical detection limits rather than as evidence that all possible
volatile compounds are absent.
Where necessary, representative gas analysis can be incorporated into a complete
contaminant mass balance.
The absence of conventional combustion is nevertheless important because SCW does not
create the conventional high-temperature flue-gas pathway associated with waste
incineration.
6.5 Final Water Quality and Reuse
Following appropriate treatment, recovered process water may potentially be:
1. Reused internally
o returned to the process-water/boiler system
o used in other appropriate plant operations
2. Discharged to sewer where permitted
o subject to applicable trade-waste acceptance criteria
o based on measured water composition
3. Otherwise managed or further treated
o where water quality does not meet the requirements for direct reuse or
discharge
Japanese analytical reports show that some treated/discharge-water samples contain
measurable metals and other constituents. For example, reported analyses include measurable
Cu and Cr in one treated-water sample and measurable Cr(VI) and As in another discharge-
water sample.
These results reinforce the importance of analysing the actual water stream rather than
describing treated water universally as containing no detectable contaminants.
For a New Zealand installation, water reuse or discharge would need to meet the
requirements applying to the particular site and receiving system. Compliance should be
demonstrated through plant-specific analytical data and the applicable consent or trade-waste
conditions.
6.6 Advantages of Integrated SCW Water Management
An integrated SCW water-treatment and recovery system offers several potential advantages:
e Closed or recirculating water management — reduces fresh-water demand and
enables process-water reuse
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o Containment of PFAS-derived fluoride — inorganic fluoride can be managed
within the aqueous treatment system
e Management of PVC-derived chloride — chlorine is transferred primarily into the
aqueous inorganic chloride phase rather than a conventional combustion flue-gas
stream
o Management of dissolved metals — metals entering the aqueous phase can be
separated or concentrated through appropriate water treatment
e Reduced liquid discharge — water recovery can minimise the quantity requiring
external discharge
e Measurable contaminant fate — solid, aqueous, residual and gaseous outputs can be
analysed to establish a system-wide contaminant mass balance
SCW differs fundamentally from incineration because the primary treatment chemistry
occurs within a hot, pressurised aqueous environment rather than through combustion.
This does not mean that contaminants simply disappear. Organic contaminants may undergo
hydrothermal decomposition, while inorganic elements such as chlorine, fluorine and metals
are redistributed between the aqueous and solid phases.
The environmental performance of the complete SCW system therefore depends on
demonstrating where contaminants go, what chemical forms they take, how readily they
can leach or migrate, and how each resulting stream is subsequently managed.
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Processing Capacity, Reactor Volume and
Feed Preparation

The practical mass throughput of an SCW reactor is determined not only by reactor size, but
also by the bulk density and physical preparation of the incoming waste.

According to updated information provided by the technology developer, a standard reactor
has a processing volume of approximately 8—10 m?* per batch. A three-reactor configuration
therefore provides approximately 24—30 m? of processing volume per batch cycle.

Because waste streams vary substantially in bulk density, reactor capacity expressed in tonnes
per batch will vary according to feedstock.

For mixed municipal residual waste and construction and demolition (C&D) waste,
preprocessing may include shredding, removal of recoverable metals and reduction of
oversized material to produce a more uniform feed. This improves utilisation of the available
reactor volume by reducing large void spaces and allows more consistent loading and
treatment.

For preliminary New Zealand planning purposes, a prepared bulk density of approximately
0.5 t/m? can be used as an indicative working assumption for suitably shredded mixed
residual or C&D-derived material. This would correspond approximately to:

Configuration |Processing volume Indicative prepared density |Approx. mass/batch
Single reactor |8 m? 0.5 t/m? 4t

Single reactor |10 m? 0.5 t/m? 5t

Three reactors |24 m? 0.5 t/m? 12t

Three reactors (30 m? 0.5 t/m? 15t

Using the upper end of this indicative range, approximately 5 tonnes per reactor per batch
provides a useful preliminary design assumption for prepared mixed waste.

With three reactors operating at approximately 5 tonnes each, a complete batch cycle would
process approximately 15 tonnes. At approximately five batch cycles per operating day,
theoretical throughput would be approximately 75 tonnes/day, broadly consistent with the
nominal commercial plant capacity of approximately 70 tonnes/day.

At an approximately three-hour batch cycle, five cycles would represent approximately 15
hours of reactor operation per day. This suggests that nominal daily throughput may be
achievable without necessarily requiring continuous 24-hour reactor operation, although
actual operating hours will depend on loading, unloading, preparation, maintenance,
feedstock characteristics and plant configuration.

Denser feedstocks may allow higher mass loading per unit of reactor volume. Sewage sludge,
industrial sludges, screened fines and other relatively dense or high-moisture materials may
therefore achieve higher tonnes per batch than shredded municipal or C&D waste, subject to
process and operating constraints.

Accordingly, reactor capacity should be considered fundamentally volume-based, with

practical mass throughput determined by prepared feedstock bulk density and
operating conditions.
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For project development, representative New Zealand feedstocks should therefore be
characterised for:

e loose and prepared bulk density;

e particle-size distribution;

e moisture content;

e recoverable metals and inert fraction;

o achievable reactor loading density; and

o resulting tonnes processed per batch.

The indicative 0.5 t/m?® and 5 t/reactor/batch assumptions are planning values and should
be verified through feedstock preparation and commercial-scale operating trials before
being used as guaranteed plant-performance figures.

Indicative Energy and Water Relationship

Existing project information indicates electricity consumption of approximately 8 MWh/day
for the referenced standard SCW plant configuration. At a nominal processing throughput of
approximately 70 tonnes/day, this corresponds to an indicative average electricity
requirement of approximately 114 KkWh per tonne of incoming material.

This value should be regarded as an overall planning indicator rather than a guaranteed
specific-energy consumption. Actual energy demand will depend on feedstock composition,
moisture content, reactor loading, operating cycle, heat recovery, water/steam requirements
and plant configuration.

Updated information from the technology developer indicates that, where process wastewater
is not reused, approximately 2,000 litres of additional water is required from the second
batch onward. This should not be interpreted as the total amount of water circulating within
the process or as a fixed net water-consumption figure. The SCW system uses high-pressure
saturated steam, and recovered steam and process water may be condensed, treated and
potentially returned to the process.

Accordingly, a New Zealand demonstration should record both electricity consumption
(kWh/t) and net fresh-water consumption (L/t) under representative operating conditions.
These measurements would allow the practical energy and water efficiency of the system to
be established for different New Zealand waste streams.
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7.0 Policy, Regulatory, and Strategic
Alignment for New Zealand

Subcritical Water (SCW) processing has potential relevance across several areas of New
Zealand's waste-management, environmental and climate-policy framework. In particular, the
technology may provide an additional treatment pathway for difficult waste streams that are
currently landfilled, exported, stored or managed through specialised treatment systems.

The precise regulatory treatment of an SCW facility and its outputs would depend on the
feedstocks processed, plant configuration, site, emissions and discharge characteristics, and
the intended use or disposal of the resulting solid and aqueous streams. Accordingly, this
section identifies areas of potential policy and strategic alignment rather than asserting
regulatory approval or compliance in advance of a New Zealand installation.

7.1 Alignment with the Waste Minimisation Act 2008
The purpose of the Waste Minimisation Act 2008 (WMA) is to encourage waste minimisation
and a decrease in waste disposal in order to protect the environment from harm and provide
environmental, social, economic and cultural benefits.
The Act defines waste minimisation as including:

e reduction of waste

® reuse

e recycling

e recovery of waste and diverted material

SCW has potential relevance to these objectives because it can:

e substantially reduce the quantity of original waste requiring landfill disposal

e process organic and mixed waste streams that may otherwise have limited recovery
options

e recover a carbon-rich solid with potential value as an industrial fuel, subject to fuel-
quality and contaminant testing

e recover and reuse process water within the treatment system

e provide potential resource-recovery pathways for some difficult waste streams

The Act expressly includes reduction, reuse, recycling and recovery within its definition of
waste minimisation. The current Act also provides mechanisms supporting activities that
reduce environmental harm or increase environmental benefits.

An SCW project could therefore potentially contribute to waste-minimisation and resource-
recovery objectives. However, the regulatory classification of particular SCW activities and
outputs would need to be determined for the specific New Zealand project.

7.2 Hazardous Substances and Contaminated Waste
SCW may also have relevance to New Zealand's management of hazardous substances and
contaminated waste streams, including materials containing:

e PFAS and other persistent organic contaminants

e chlorine-containing materials such as PVC

e CCA-treated timber containing chromium, copper and arsenic

e contaminated sludges and industrial residues
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SCW provides a non-combustion treatment environment in which organic contaminants can
undergo hydrothermal decomposition while inorganic constituents partition between solid
and aqueous phases.

For particular contaminants:

e PFAS: SCM is designed to decompose PFAS and achieve defluorination, converting
organically bound fluorine to inorganic fluoride. Treatment performance should be
demonstrated by appropriate PFAS, fluorine and mass-balance analysis.

e PVC: hydrothermal dechlorination transfers organically bound chlorine primarily into
the aqueous phase as inorganic chloride, which can subsequently be managed through
the process-water treatment system.

e (CCA-treated timber: chromium, copper and arsenic are not destroyed, but may
undergo changes in speciation and partitioning between solid and aqueous phases.
Their mobility and leachability should be demonstrated through feedstock-specific
testing.

e Other hazardous organic wastes: treatment performance should be established
according to the particular compounds and analytical requirements involved.

Because SCW is a non-combustion process, it avoids the conventional high-temperature
combustion pathway associated with incineration. However, this does not remove the need to
characterise the solid, aqueous and any gaseous or residual streams.

Regulatory acceptance would therefore depend on demonstrating contaminant destruction,
transformation, partitioning and residual risk for the particular feedstocks processed.

7.3 Climate Change and Emissions-Reduction Objectives

New Zealand's climate framework seeks long-term reductions in greenhouse-gas emissions
and supports development and deployment of technologies capable of reducing emissions
across the economy.

The Government's current emissions-reduction planning includes a technology-led approach
and identifies development of lower-emissions technologies and fuel substitutes as part of the
transition.

SCW may contribute to these objectives in several ways:

e the proposed New Zealand SCW configuration can be electrically powered, allowing
operation using New Zealand's electricity system and potentially renewable electricity

e diversion of biodegradable waste from landfill may reduce future landfill methane
generation

e SCW char can have substantial energy content and may potentially substitute for a
proportion of conventional solid fuel in suitable industrial applications

e recovery of useful energy from waste may reduce reliance on virgin fossil fuels where
the resulting SCW fuel meets the receiving facility's technical and environmental
requirements

Japanese certified analyses demonstrate SCW solid-fuel gross calorific values ranging from
approximately 22 MJ/kg to 37.1 MJ/kg, depending on feedstock and sample characteristics.
The greenhouse-gas implications of using SCW char as fuel depend importantly on its
biogenic and fossil-derived carbon fractions. Waste containing plastics may contribute fossil
carbon, while food, timber, paper and other biomass-derived materials contribute biogenic
carbon.
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Accordingly, SCW should not be described as an “emissions-neutral” process or its char
automatically described as a renewable fuel. Its climate performance should instead be
assessed through project-specific energy, carbon and lifecycle analysis.

7.4 Potential Role in Difficult Waste-Management Gaps
New Zealand continues to face difficult management questions for waste streams including:
e PFAS-contaminated materials
e treated timber
e mixed construction and demolition waste
e difficult-to-recycle plastics
e industrial sludges and contaminated residues
e other mixed organic and hazardous waste streams

Many existing management approaches rely on landfill disposal, containment, separation,
export or specialised treatment. SCW potentially provides an additional treatment pathway
because a single hydrothermal process can accept a comparatively broad range of organic
feedstocks.

Potential treatment pathways include:
e PVC and other chlorine-containing organics — hydrothermal

decomposition/dechlorination, with chlorine transferred primarily to the aqueous
inorganic chloride phase

e PFAS-containing material — PFAS decomposition and defluorination, with released
fluorine transferred to inorganic fluoride where defluorination occurs
e (CCA-treated timber — decomposition of the organic timber matrix, with Cr, Cu and

As redistributed between solid and aqueous phases and potentially retained in less
mobile solid-associated forms

e mixed organic and plastic wastes — production of a carbon-rich solid with potential
energy value

This combination could make SCW relevant where existing waste-management systems have
limited options for mixed or difficult waste streams.

The extent of that role in New Zealand should be established through demonstration-scale
operation, feedstock-specific analytical testing and engagement with the relevant regulatory
authorities.

7.5 NZ ETS and Carbon Accounting
The treatment of SCW char under the New Zealand Emissions Trading Scheme (NZ ETS)
requires careful consideration because the char may contain both biogenic and fossil-derived
carbon.
The proportion of each will depend on the feedstock.
For example:

e food waste, paper and untreated timber predominantly contribute biogenic carbon

e fossil-derived plastics contribute fossil carbon

¢ mixed municipal or construction waste may contain both

Independent radiocarbon analysis of Japanese-produced SCW char is being undertaken in
New Zealand to quantify its biogenic and fossil-derived carbon fractions.
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The results will provide a factual basis for discussing with the relevant New Zealand
authorities how combustion or other use of SCW char should be treated for carbon-
accounting purposes.

Potential climate benefits of an SCW project may include:
e avoided landfill methane from diverted biodegradable waste
e displacement of conventional fossil fuels where SCW char is accepted as an
alternative fuel
e use of electricity rather than direct fossil-fuel combustion in the proposed New
Zealand SCW plant configuration
e resource recovery from material that would otherwise be disposed of

However, these benefits do not automatically generate NZUs, carbon credits or ETS revenue.
The applicable ETS treatment will depend on New Zealand's statutory and regulatory
framework, the measured biogenic/fossil carbon fraction, the way the char is ultimately used
and the obligations of the relevant participants.

Consequently, potential ETS or carbon-accounting benefits should be assessed with the
relevant authorities once independent New Zealand analytical results are available.

7.6 Strategic Fit for National and Regional Infrastructure
National-Level Potential
SCW could provide New Zealand with an additional domestic treatment and resource-
recovery pathway for difficult waste streams that are currently landfilled, stored, exported or
managed through specialised treatment systems.
Potential national benefits include:
o reducing dependence on expansion of landfill capacity
e providing an additional domestic treatment pathway for difficult waste streams,
including PFAS-contaminated materials, treated timber, mixed plastics and industrial
residues
e recovering a carbon-rich solid with potential value as an industrial fuel, subject to
appropriate fuel-quality and contaminant testing
o reducing long-distance transport of waste where treatment facilities can be located
closer to waste sources
e developing domestic technical capability in hydrothermal waste treatment

Regional Potential

SCW systems could potentially be located near:

o transfer stations and waste-processing facilities

o wastewater treatment plants

e industrial areas

e construction and demolition waste hubs

o forestry and timber-processing regions

e councils with constrained landfill capacity

e areas requiring treatment of disaster-generated waste
Location would depend on feedstock availability, infrastructure, electricity supply, water
management, transport economics, consenting requirements and potential markets for
recovered products.
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Scalability

Japanese experience demonstrates operation of SCW systems in different waste-management
settings.
A modular approach could potentially allow treatment capacity to be expanded by installing
additional reactor systems as feedstock volumes and commercial requirements develop.
This could support:

o distributed waste treatment

e regional resource-recovery networks

e reduced long-haul waste transport

e local employment and technical capability

e integration with appropriate industrial energy users
Actual plant capacity and modular configuration should be determined from the engineering
design and demonstrated operating performance rather than assumed from a generic module
size.

7.7 International Context and New Zealand Opportunity
SCW and related hydrothermal technologies have been developed and investigated
internationally, while the SCM system described in this review has substantial operating
experience in Japan.
International commercial and development activity associated with the technology has also
extended beyond Japan.
New Zealand currently has no commercial SCW waste-processing facility of the type
described in this review.
This creates an opportunity to independently evaluate whether the technology could
complement New Zealand's existing waste-management infrastructure, particularly for
difficult waste streams for which landfill disposal or containment remains a major
management pathway.
Potential areas of value include:

e landfill diversion

o difficult and contaminated waste treatment

e recovery of energy-containing solid material

e reduced transport requirements through regional processing

o clectrically powered waste treatment

e development of domestic hydrothermal-treatment expertise
Early evaluation and demonstration could position New Zealand to assess the technology on
the basis of local operating and analytical evidence rather than relying solely on overseas
data.

7.8 Summary of Policy and Strategic Alignment

g‘;le‘;y /Strategic |0 ctive Potential SCW Contribution
C e Reduce disposal and Significant waste reduction and potential
Waste minimisation |. )
increase recovery recovery of useful material
Hazardous and Reduce environmental risk|Hydrothermal treatment of organic
difficult waste from difficult contaminants combined with controlled
management contaminants management of inorganic constituents

41



Originally prepared 11 Nov. 2025 by Rodney Hellyer of Recycling Oceania Ltd and Japanese Solutions Ltd, in association with Arinkai
Japan (Mr. Kaneo Ishimori), and updated September 2026. Based on Japanese-source technical data, site observations, and consultation with
SCW specialists and operators. This version is complete pending independent NZ radiocarbon analysis of SCW char. Enquiries: Rodney
Hellyer — rodney@japanesesolutions.co.nz

Policy / Strategic
Area

Objective

Potential SCW Contribution

Climate and
emissions reduction

Reduce greenhouse-gas
emissions and fossil-fuel
dependence

Electrically powered NZ configuration,
landfill diversion and potential partial
substitution for conventional industrial
fuels

Radiocarbon analysis can establish the

NZ ETS./ carbon C.OITGCFIY aceount for biogenic/fossil fraction of SCW char for
accounting biogenic and fossil carbon
subsequent regulatory assessment
Develop alternatives to  |Hydrothermal treatment and
Difficult plastics disposal of difficult-to-  |dechlorination of PVC and processing of

recycle material other suitable organic plastics

Develop effective
treatment and destruction
pathways

SCM is designed to decompose PFAS and
achieve defluorination; performance
requires analytical verification

PFAS management

Production of carbon-rich solid material
with potential industrial fuel or other
applications

Recover value from
material otherwise
disposed of

Resource recovery

Improve resilience and
reduce transport
dependence

Potential deployment near significant
regional waste sources

Regional
infrastructure

SCW should therefore be considered a potentially complementary technology within New
Zealand's wider waste-management system, rather than as a replacement for all existing
treatment, recycling or disposal technologies.

8.0 Conclusions and Strategic
Recommendations

8.1 Overall

Subcritical Water (SCW) processing represents a commercially demonstrated
hydrothermal waste-treatment technology with more than 20 years of operating
experience in Japan.

The technology is capable of processing a broad range of organic and mixed waste streams,
including materials that can be difficult to manage through conventional recycling or disposal
pathways.

Potential feedstocks include:
e PVC and mixed plastics
e PFAS-contaminated materials
e CCA-treated timber and other contaminated organic material
o sludges and industrial residues
o mixed municipal waste and other difficult organic streams

SCW operates by exposing waste to high-temperature, high-pressure water/steam within a
sealed reactor. Organic material undergoes hydrothermal decomposition, while inorganic
constituents can partition between the resulting carbon-rich solid, aqueous phase and minor
gaseous or residual streams.
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This produces several potentially valuable outcomes:
o substantial decomposition and transformation of organic waste
e potential destruction or transformation of persistent organic contaminants
» redistribution and potential stabilisation of metals and other inorganic contaminants
e production of a carbon-rich solid with potential industrial fuel value
e recovery and reuse of process water
o substantial reduction in material requiring landfill disposal

The Japanese analytical record demonstrates that SCW solid fuel can have substantial
calorific value. Reported Japanese samples range from approximately 22 MJ/kg to 37.1
MJ/kg, depending on feedstock and sample characteristics.

At the same time, the analytical evidence demonstrates why contaminant fate must be
considered across the whole system.

Metals cannot be destroyed and may partition between the solid and aqueous phases.
Chlorine released through dechlorination enters primarily into the aqueous phase as inorganic
chloride. Where PFAS defluorination occurs, fluorine is released as inorganic fluoride and
must subsequently be accounted for within the water and residual streams.

Consequently, the environmental case for SCW should not depend on claims that
contaminants simply disappear. Its stronger technical proposition is that organic
contaminants can be decomposed or transformed while inorganic contaminants can be
contained, separated, stabilised and managed within identifiable process streams.
SCW is also fundamentally different from incineration because its primary treatment
chemistry occurs within a hot, pressurised aqueous environment rather than through
combustion.

8.2 Strategic Fit for New Zealand
New Zealand faces continuing challenges involving:
e dependence on landfill disposal
o management of PFAS-contaminated materials
o difficult-to-recycle plastics
e treated timber waste
e construction and demolition waste
e industrial and wastewater residues
e pressure to reduce waste-sector greenhouse-gas emissions
e demand for lower-carbon industrial energy alternatives

SCW potentially addresses several of these issues within a single treatment platform.
Its strategic attributes include:

e broad potential feedstock range

o modular and scalable plant configuration

e non-combustion hydrothermal processing

e substantial overseas operating experience

e potential resource recovery

o potential landfill reduction

e process-water recovery

e compatibility with an electrically powered New Zealand configuration

e potential production of an industrial solid fuel
However, overseas experience does not remove the need for New Zealand verification.
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A New Zealand project should demonstrate performance using representative local feedstocks
and establish contaminant mass balances, water-treatment performance, product
characteristics, operating costs and regulatory requirements.

8.3 Recommended Next Steps

1. New Zealand Demonstration Project

A first New Zealand installation or appropriately scaled demonstration should be used to
establish local performance.

The programme should:

e process representative New Zealand waste streams

e determine mass and energy balances

o establish char yield and fuel characteristics

e assess PFAS destruction and defluorination where PFAS feedstocks are processed

e assess PVC dechlorination and chlorine distribution

o establish Cr, Cu and As distribution and leachability when CCA-treated timber is
processed

e characterise process water and treatment residuals

e measure relevant gaseous outputs

e document electricity consumption and operating costs

e provide operating and analytical data for regulators, councils, industry and potential
investors

2. Regulatory Engagement

Structured engagement should continue with the relevant New Zealand authorities and local
regulators.

Key questions include:
o regulatory classification and consenting of an SCW facility
e acceptance criteria for different waste feedstocks
o requirements for PFAS destruction verification
o management of treated process water and concentrated residual streams
o classification and permitted uses of SCW char
e requirements applying to subsequent combustion or other beneficial use of the char
e appropriate environmental monitoring and reporting
The objective should be to establish the evidence required for regulatory assessment rather
than assume compliance in advance.

3. Independent New Zealand Char Verification

Independent analysis of SCW char produced at the Shari facility in Hokkaido is currently
being undertaken in New Zealand.

As at August 2026, analytical results are pending, including radiocarbon analysis intended to
determine the biogenic and fossil-derived carbon fractions of the char. Further testing is
intended to characterise fuel quality and contaminant behaviour, including calorific value,
ash, chlorine, metals and leachability as appropriate.
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This programme should provide an independent basis for comparison with the existing
Japanese analytical data.

4. Industrial Fuel Evaluation

Potential industrial users should evaluate SCW char against their actual fuel specifications.
Relevant parameters include:

e gross and net calorific value

e moisture

e ash

e chlorine
e sulphur
e metals

e fixed and volatile carbon

¢ ash behaviour

e combustion characteristics

e biogenic/fossil carbon fraction

Where appropriate, controlled combustion trials can then establish the practical behaviour of
the material within the receiving facility.

Particular attention should be paid to the fate of metals, chlorine and other inorganic
constituents during combustion and their distribution between bottom ash, fly ash and air-
pollution-control residues.

5. PFAS, PVC and CCA Verification Programme

Difficult waste streams should be tested individually to establish feedstock-specific
performance.
For PFAS, testing should determine:

e destruction of target PFAS

o transformation products

o extent of defluorination

e inorganic fluoride generation and distribution

o residual organic fluorine where analytically practicable

For PVC, testing should determine:

degree of dechlorination

chloride distribution between solid and aqueous phases
residual chlorine in char

relevant chlorinated organic compounds where required

For CCA-treated timber, testing should determine:
o total Cr, Cu and As before and after treatment
o distribution between solid and aqueous phases
o oxidation state/speciation where relevant
o leachability of the resulting solid
e contaminant fate if the resulting char is subsequently combusted
This would allow future claims to be based on measured New Zealand evidence.
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6. Regional Deployment Assessment

If the initial New Zealand demonstration establishes satisfactory technical, environmental and
economic performance, regional deployment could then be evaluated according to actual
waste volumes and treatment needs.
Potential locations could include regions with:

e large municipal waste volumes

o significant construction and demolition waste

o forestry and treated-timber waste

o wastewater and industrial sludges

o difficult hazardous organic waste

« high transport costs to existing disposal facilities
Rather than predetermining a fixed national network, plant capacity and location should
follow demonstrated feedstock availability, economics and regional infrastructure
requirements.

8.4 Final Assessment

SCW is not an experimental laboratory concept. The technology described in this review
is based on an industrial system with substantial operating history in Japan.

That operating history provides a credible basis for serious evaluation in New Zealand.

At the same time, the technology should not be presented as automatically:
e zero-emission
o risk-free
e universally non-leaching
e renewable
e regulatory compliant
e suitable for every waste stream
o eligible for carbon credits
e suitable as industrial fuel without qualification

Those conclusions depend on feedstock, plant configuration, analytical results and the
ultimate management or use of each output stream.

The stronger case for SCW is both more technically defensible and more useful:

SCW provides a non-combustion hydrothermal platform capable of treating a broad
range of difficult organic waste streams, recovering a potentially valuable carbon-rich
solid, substantially reducing landfill requirements, and managing contaminant fate
through identifiable solid and aqueous process streams.

More than 20 years of Japanese operating experience provides the foundation.

Independent New Zealand analysis, local feedstock testing and a demonstration installation
can provide the evidence required to determine how far the technology can contribute to New
Zealand's waste-management and resource-recovery infrastructure.

If those results confirm the performance demonstrated in Japan, SCW could become an
important component of New Zealand's future waste-treatment system — particularly where
existing recycling, treatment and disposal pathways provide limited options.
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Additional Technical Notes

o PFAS Verification: SCM is designed to decompose PFAS and achieve defluorination
to inorganic fluoride. The extent of PFAS destruction, defluorination, transformation
products and residual organofluorine should be confirmed through feedstock-specific
analytical testing.

e PVC Treatment: PVC undergoes hydrothermal dechlorination, transferring chlorine
primarily into the aqueous phase as inorganic chloride. Performance should be
established through chlorine mass balance and residual-char analysis.

e CCATimber: Cr, Cu and As are not destroyed. They may undergo changes in
speciation and partition between solid and aqueous phases. Their resulting mobility
and leachability should be established analytically rather than assuming formation of
particular mineral species.

e Tyres: SCW can break down the organic rubber fraction while steel and other non-
decomposable components can be recovered from the resulting material stream.
Product characteristics should be confirmed for the particular tyre-processing
configuration.

e Energy Requirements: Existing project information indicates electricity
consumption of approximately 8 MWh/day for the referenced standard SCW plant
configuration. Actual consumption will depend on plant capacity, feedstock, water
content, heat recovery and operating conditions.

¢ Odour and Emissions: SCW treatment occurs within a sealed, non-combustion
reactor system. Actual gaseous outputs and odour performance should be
characterised from operating data rather than described as universally zero.

e Scalability: Multiple SCW reactor systems can potentially operate in parallel to
increase treatment capacity. Final plant capacity should be based on engineering
design and demonstrated operating throughput.

Reference Material: The analytical reports and other source information attached following
the Japanese translation of the main body of this review represent a selection of the technical
evidence used in preparing this document. Original Japanese documentation and additional
supporting information can be made available where required.

Proposed Pilot Trial: SCW Processing of
Chipped Tyres

Overview

New Zealand generates a substantial annual stream of end-of-life tyres (ELTs). Tyrewise has
established a national product-stewardship framework intended to increase collection,
processing and beneficial use of these materials.

Existing and developing pathways include tyre-derived fuel for cement manufacture,
processed rubber products, civil-engineering applications and other forms of material
recovery. Golden Bay Cement is already a significant user of chipped end-of-life tyres as an
alternative fuel and raw-material input in cement manufacture.
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Against this background, Subcritical Water (SCW) treatment should be evaluated as a
potential additional resource-recovery pathway rather than simply as an alternative to
all existing tyre uses.

A controlled pilot demonstration of SCW processing of chipped tyres in Japan would
provide direct empirical evidence of:

o degradation of the rubber/polymer fraction

e distribution of sulphur, zinc and other tyre additives

e recovery of steel and other non-decomposable components

e composition and energy value of the resulting carbon-rich solid

o composition of the aqueous phase

e gaseous or volatile products

e overall mass and contaminant balance

The purpose of the trial would be to establish whether SCW offers a technically,
environmentally and commercially useful additional pathway for New Zealand end-of-life
tyres.
1. Why Tyres Are an Interesting Candidate for SCW
Tyres are complex composite products containing varying proportions of:

e natural rubber

o synthetic rubbers

e carbon black and other reinforcing fillers

o sulphur and vulcanising agents

e zinc compounds and other additives

o textile reinforcement

o steel reinforcement

The exact composition varies substantially between passenger, commercial, truck and
specialist tyres.

This combination makes tyres an interesting feedstock for hydrothermal treatment.

The rubber fraction consists predominantly of cross-linked organic polymers. Under SCW
conditions, these organic materials may undergo hydrothermal decomposition and
transformation, while steel and other inorganic constituents remain within recoverable solid
or aqueous streams.

A tyre trial would therefore allow the SCW process to be assessed against a comparatively
well-defined industrial feedstock with substantial resource-recovery potential.

2. SCW Processing Pathway for Tyres

2.1 Rubber and Polymer Decomposition

Under SCW treatment conditions, the rubber matrix is exposed to high-temperature, high-
pressure water/steam.

Hydrothermal reactions can break chemical bonds within the organic polymer structure and
transform the original rubber into lower-molecular-weight organic compounds and carbon-
rich solid material.

The resulting products may partition between:
e carbon-rich solid residue
e dissolved organic compounds in the aqueous phase
e minor gaseous or volatile products
e undecomposed inorganic and reinforcing materials
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The precise product distribution for tyres processed in the SCM system should be measured
during the proposed trial rather than assumed in advance.
This is one of the principal reasons for undertaking the trial.

2.2 Carbonaceous Solid
Tyres already contain a substantial carbon-black fraction in addition to carbon contained
within natural and synthetic rubber.
Following SCW treatment, the resulting carbon-rich solid may therefore contain:

o original and transformed carbon black

e carbonaceous material derived from decomposition of the rubber fraction

o mineral constituents and tyre additives

e residual inorganic contaminants
The resulting material should not automatically be described as commercial carbon black or
as a clean industrial fuel.

Instead, the trial should determine:
e gross and net calorific value
e moisture
e volatile matter
o fixed carbon

e ash
e sulphur
e chlorine

e zinc and other metals

o total elemental composition

e leachability

e combustion characteristics where fuel use is proposed

These results would determine whether the material has potential value as an industrial fuel
or for another resource-recovery application.

2.3 Steel and Other Reinforcing Material
Steel reinforcement is not expected to undergo the same hydrothermal decomposition as the
organic rubber matrix.

The trial should therefore determine:
e percentage of steel recovered
o physical condition of the recovered steel
e degree of separation from carbonaceous material
e surface contamination
o suitability for conventional scrap-metal recycling

Textile reinforcement may behave differently depending on fibre type and should also be
examined rather than assumed to remain completely intact.

2.4 Sulphur, Zinc and Other Additives
Tyres contain sulphur compounds, zinc compounds and numerous other additives.

These elements cannot be destroyed by SCW.

Instead, they may undergo changes in chemical form and partition between:

49



Originally prepared 11 Nov. 2025 by Rodney Hellyer of Recycling Oceania Ltd and Japanese Solutions Ltd, in association with Arinkai
Japan (Mr. Kaneo Ishimori), and updated September 2026. Based on Japanese-source technical data, site observations, and consultation with
SCW specialists and operators. This version is complete pending independent NZ radiocarbon analysis of SCW char. Enquiries: Rodney
Hellyer — rodney@japanesesolutions.co.nz

e carbon-rich solid

e aqueous phase

e mineral residue

e minor gaseous or volatile fraction

The trial should therefore establish a mass balance for key elements, particularly sulphur
and zinc.

Testing should determine whether these constituents become concentrated in the char, enter
the aqueous phase, form mineral phases, or appear in other process streams.

This is particularly important if the resulting char is proposed as an industrial fuel, because
sulphur, zinc and other inorganic constituents can affect combustion performance and
emissions.

3. Relationship to Tyre Pyrolysis
Pyrolysis is another potential thermal treatment route for end-of-life tyres and typically
produces:

e pyrolysis oil

o recovered carbonaceous material

e combustible gas

o steel

Its commercial viability depends on markets and product quality, particularly for tyre
pyrolysis oil and recovered carbon black.

New Zealand's lack of a domestic petroleum refinery may affect potential local markets for
some tyre-derived oils, but this does not establish that tyre pyrolysis is inherently non-
viable in New Zealand.

A proper comparison between SCW and tyre pyrolysis should instead consider:
o capital cost
e operating cost
e energy consumption
o feedstock preparation
e product yields
e 0il quality and market
e recovered carbon quality and market
o steel recovery
e emissions control
e aqueous residuals
e contaminant fate
o overall lifecycle environmental performance

The potential advantage of SCW is that its primary treatment chemistry occurs within a
pressurised aqueous environment and its principal potentially valuable product may be a
storable carbon-rich solid, rather than requiring a viable market for pyrolysis oil.
Whether that represents an economic advantage should be established experimentally and
commercially.

4. Relationship to Cement-Kiln Co-processing

New Zealand already has a significant beneficial-use pathway for end-of-life tyres through
cement manufacture.
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Golden Bay Cement uses chipped tyres as an alternative fuel at its Portland cement plant. The
company reports substantial displacement of coal through the combined use of tyres and
construction wood waste.

At the very high temperatures used in cement manufacture, the organic tyre fraction provides
thermal energy, while steel and mineral constituents can contribute to the cement-
manufacturing process. Golden Bay reports that tyre steel and ash are incorporated into the
final product rather than becoming a separate waste stream.

This is therefore already a genuine resource-recovery pathway and should not be
characterised simply as tyre disposal.

SCW could nevertheless provide a different pathway.

Rather than immediately releasing the tyre's energy as heat within a cement kiln, SCW
potentially converts part of the tyre's organic content into a carbon-rich solid that can be
stored, transported and potentially used elsewhere.

A pilot should therefore investigate whether SCW can provide:
e auseful carbon-rich solid product
e recoverable steel
o controlled management of zinc, sulphur and other additives
o flexibility in the location of tyre processing
o aproduct capable of supplying energy to users other than cement kilns

The comparison should ultimately be based on economics, lifecycle emissions, resource
recovery and contaminant fate, rather than assuming either pathway is inherently superior.

5. Tyre-Derived Material and Roading Applications
End-of-life tyre rubber can also be used in applications including rubberised asphalt, civil
engineering and manufactured rubber products.
These applications can provide beneficial material recovery and should not be dismissed as
simply “hiding” waste.
However, tyre-derived materials may raise application-specific questions involving:

e long-term wear

o release of tyre-derived particles

e zinc and organic-compound leaching

e product durability

o end-of-life management

e economic competitiveness with conventional materials

These considerations should be evaluated for the particular application.

SCW provides a fundamentally different approach because it chemically transforms the
original rubber matrix rather than retaining it as tyre crumb.

A tyre pilot could therefore establish whether SCW offers advantages for tyre fractions or
regional situations where conventional material-recovery markets are limited.

6. Proposed SCW Tyre Pilot Trial — Japan
Objective
Demonstrate controlled SCW processing of chipped end-of-life tyres and establish a

complete mass, energy and contaminant balance.

The trial should evaluate:
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e rubber/polymer decomposition

e carbon-rich solid yield and characteristics

o steel and other material recovery

e aqueous-phase composition

e sulphur and zinc distribution

e gaseous/volatile products

o overall energy value and potential product applications

Trial Feedstock
A representative batch of chipped tyres should be selected and characterised before treatment.
Where practicable, the feedstock should be sufficiently homogeneous to allow meaningful
comparison between input and output.
Initial characterisation should include:

e tyre type and source

o total feed mass

e moisture

e rubber/polymer fraction

o steel fraction

o ash/inorganic content

e sulphur

e zinc

o other relevant metals and elements

The final trial quantity should be determined according to the capacity and practical
requirements of the Japanese test facility rather than predetermined without reference to the
available equipment.

Processing Conditions

The trial should use the normal SCM operating conditions appropriate for the selected tyre
feedstock, with actual temperature, pressure, residence time, water/steam input and electricity
or energy consumption recorded.

Outputs to be Measured
Carbon-rich solid

e mass yield

e calorific value

e moisture

e ash

o volatile matter/fixed carbon
e sulphur

e zinc

e metals

e chlorine where relevant
e leachability
e physical handling characteristics

Steel and other recovered material
e mass recovered
e percentage of original feed
e physical condition
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e contamination
e potential recycling quality

Aqueous phase
) pH
e COD/TOC or DOC
o sulphur species as appropriate
e zinc and other metals
o dissolved inorganic ions
o other significant organic compounds identified during screening

Gas/volatile fraction
e quantity generated
e major gas composition
o relevant volatile organic compounds where appropriate
e sulphur-containing compounds where relevant

Mass Balance

A fundamental objective should be to account for the original tyre mass across:

Feed tyre — carbon-rich solid + recovered steel/solids + aqueous products +
gaseous/volatile products

For key contaminants and elements, particularly sulphur and zinc, a corresponding elemental
mass balance should be attempted.

This would provide much stronger evidence than simply demonstrating that a tyre physically
disappears inside the reactor.

7. Relevance to New Zealand

New Zealand already has a developing national system for end-of-life tyre recovery through
Tyrewise and existing markets including cement-kiln co-processing and manufactured tyre-
derived products. Tyrewise's published planning information identifies approximately 60,860
tonnes per year as the March 2024 baseline of whole tyres and aims to increase domestic
beneficial use.

SCW should therefore be investigated not because New Zealand has “no tyre solution,” but
because it may add another useful treatment and resource-recovery option.

Potential advantages worth testing include:

e production of a storable carbon-rich material

e recovery of steel for recycling

e potential processing closer to regional tyre sources

e treatment of tyre fractions for which existing markets are limited

e controlled aqueous management of some contaminants

o integration with other difficult organic waste streams at an SCW facility

o potential industrial energy recovery where the resulting char meets required

specifications

The proposed pilot would provide the evidence needed to determine whether those potential
advantages actually occur in practice.

8. Proposed Outcome

The proposed Japanese trial should produce a documented technical dataset covering:
o feedstock composition
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e operating conditions

e mass balance

e energy balance

e char characteristics

o steel recovery

e sulphur and zinc fate

e aqueous chemistry

e gaseous outputs

o contaminant leachability

e potential product specifications

The resulting data could then be provided to New Zealand stakeholders, including Tyrewise,
waste-sector operators, regulators, potential industrial users and energy-sector organisations.
The objective is not to predetermine SCW as superior to New Zealand's existing tyre-
recovery pathways.

It is to answer a more useful question:

Can SCW convert end-of-life tyres into useful, manageable output streams with
sufficient environmental, technical and economic advantages to justify adding it to New
Zealand's existing tyre-recovery system?

A properly designed pilot trial can answer that question with measured evidence.
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Technical Addendum — Contaminant Fate
During SCW Treatment

Integrated August 2026. This addendum updates and qualifies earlier statements in this
overview where contaminant behaviour depends on feedstock, operating conditions, phase
partitioning and analytical verification.

1. Purpose and scope

This note sets out the expected chemical fate of heavy metals and selected halogenated
contaminants during subcritical-water (SCW) treatment, with particular emphasis on the
distinction between total contaminant concentration and environmental mobility. It is
intended as a technical basis for expert review and for designing confirmatory analytical
work. It is not a substitute for feedstock-specific testing or for the detailed Japanese process
documentation.

The current Recycling Oceania presentation describes the reconstructed process diagram as
an overview only and identifies water processing as an integral part of the SCW system.

2. Heavy metals: retention, speciation and leachability

Elements such as As, Cr, Cu, Pb, Cd, Zn, Ni and Hg cannot be destroyed by hydrothermal
decomposition in the way an organic molecule can. Total-metals digestion of treated char
may therefore continue to detect them. Concentrations in mg/kg dry char can even increase
when organic matter and water are removed while the mineral fraction is retained.

The environmentally important question is not only how much metal is present, but in what
chemical form it occurs and how readily it can be released. Hydrothermal-carbonization
literature shows that a large proportion of heavy metals can remain in hydrochar while
treatment shifts fractions from relatively exchangeable or bioavailable forms toward more
stable or residual forms. A 2024 coking-sludge study reported >90% retention of investigated
heavy metals in hydrochar and greater stabilization with treatment severity.

Mechanisms can include surface complexation/adsorption on oxygen-containing functional
groups; ion exchange and electrostatic interaction; precipitation or association with poorly
soluble mineral phases such as carbonates, phosphates and oxides/hydroxides; and
incorporation or occlusion within the developing carbon/mineral matrix. Oxidation state and
ligand environment can also change.

Key formulation: SCW should not be described as destroying heavy metals. A more
defensible statement is that treatment may alter metal partitioning and speciation so that
metals retained in the solid occur in less mobile and less readily leachable forms. This must
be demonstrated by paired total-metals and leaching analyses.

Retention is not universal. Published HTC work shows that fractions of Zn, Cd, Pb, Cr, Ni,
Cu and other metals can enter process water. Partitioning depends on temperature, pH,
residence time, feedstock mineralogy, competing ions and liquid-to-solid ratio. A complete
assessment therefore requires a solid/liquid mass balance.

3. Chlorine and chlorine-containing organics

PVC contains chlorine covalently bound to its carbon backbone. In hot compressed water it
undergoes dehydrochlorination. In simplified terms, chlorine is released as hydrogen chloride
(HCI), which dissociates in water to H+ and Cl-. Hydrothermal-carbonization experiments on
PVC at 180260 °C reported increasing dechlorination with temperature and almost
quantitative chlorine release above approximately 235 °C in one study.

Conceptual pathway: organically bound Cl — HCl — H+ + Cl- — dissolved inorganic
chloride / salts.
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Depending on available cations and alkalinity, chloride can remain in solution or be
associated with inorganic salts such as sodium, potassium or calcium chlorides. Thus chlorine
can be transferred from the carbonaceous feed into the aqueous/inorganic inventory rather
than remaining organically bound in char.

It is not technically justified to state that SCW automatically destroys every chlorinated
organic compound, PCB, dioxin or furan without process-specific evidence. Chlorophenols,
PCBs and PCDD/Fs should therefore be treated as verification targets where relevant.

4. Fluorine and PFAS

PFAS require particular caution because cleavage of the carbon—fluorine bond is difficult.
Hydrothermal treatment is a promising destruction pathway, but degradation of a parent
PFAS molecule is not synonymous with complete mineralization or complete defluorination.
A 2022 review of subcritical and supercritical hydrothermal PFAS treatment reported >99%
PFAS degradation and >60% defluorination under some conditions. Performance varies
strongly with temperature, pressure, alkalinity, residence time, PFAS structure and matrix. It
is therefore inappropriate to assume complete conversion to inorganic fluoride unless
demonstrated analytically for the specific system.

Conceptual pathway: parent PFAS — transformation products / shorter-chain species — C-F
cleavage — F- where defluorination occurs.

Where defluorination occurs, inorganic fluoride becomes part of the aqueous ionic inventory.
Because incomplete defluorination can leave non-target fluorinated products, targeted PFAS
analysis should ideally be complemented by total organic fluorine (TOF) or adsorbable
organic fluorine (AOF), where suitable analytical capability is available.

5. Aqueous phase

SCW treatment should be considered a multi-phase conversion rather than a simple waste-to-
char reaction. Hydrothermal process water can contain dissolved organic carbon, organic
acids and intermediates, nitrogen and phosphorus species, chloride, fluoride, sulfate and other
inorganic ions, a fraction of feedstock metals, and residual/transformation organic
contaminants.

Conceptually: FEED — carbon-rich solid + process water + inorganic ions/salts + dissolved
organics + gas/volatile fraction + separated foreign material.

The water-treatment section is therefore part of the contaminant-management boundary.
Technical evaluation of treated timber, mixed C&D waste, PVC-containing waste or PFAS-
containing feed should examine both char and aqueous treatment residues.

5.1 Reverse osmosis (RO) and aqueous contaminant management

Where reverse osmosis forms part of the water-treatment train, dissolved ionic contaminants
are not destroyed by the membrane. Pressure drives water through a semi-permeable
membrane, producing a treated permeate stream and a reject/concentrate (brine) stream.
Contaminants rejected by the membrane are therefore concentrated in the reject stream and
must remain within the plant contaminant-management and disposal mass balance.

RO can provide substantial rejection of many inorganic contaminants relevant to difficult
waste streams, including lead, cadmium, chromium, copper, pentavalent arsenic, chloride and
fluoride. However, rejection is not a universal fixed percentage. It depends on membrane
type, feed-water chemistry, pH, ionic charge/speciation, pressure, recovery and pretreatment.
Arsenic illustrates the importance of speciation: published EPA testing found substantially
higher rejection of As(V) than As(III) in some membranes.

Accordingly, the technically appropriate pathway is: dissolved metals / chloride / fluoride /
other ions in process water -> pretreatment and RO -> lower-contaminant permeate +
contaminant-enriched concentrate/brine -> further treatment, recovery,
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precipitation/dewatering and/or controlled disposal, depending on the actual plant
configuration.

For the Arinkai SCW system specifically, the presence and detailed configuration of RO,
membrane specifications, pretreatment, recovery ratio, concentrate recirculation, and final
management of the concentrate/brine should be confirmed from the original Japanese process
documentation and operating data before making plant-specific performance claims.

6. Proposed contaminant mass-balance verification programme
The strongest verification approach is to test a representative difficult feedstock and close the
contaminant mass balance across the principal outputs.

Analyte / test Feed Char | Process water / Purpose
residue

As, Cr, Cu Yes Yes Yes CCA timber / mass
balance

Pb, Cd, Zn, Ni, Hg Yes Yes Yes Metal partitioning

TCLP /JLT or agreed — Yes — Mobility / leachability

leach test

Sequential extraction / — Yes Optional Stable vs exchangeable

speciation fractions

Total chlorine Yes Yes Yes Chlorine mass balance

Chloride (Cl-) — — Yes Inorganic dechlorination
product

Target PFAS Yes Yes | Yes Parent / short-chain fate

Total fluorine Yes Yes Yes Overall fluorine balance

Fluoride (F-) — — Yes Defluorination product

TOF / AOF Yes Yes | Yes Non-target organic
fluorine

PAHs / phenolics Yes Yes | Yes Transformation products

PCBs / PCDD/Fs As Yes | Yes Chlorinated-organic fate

relevant

DOC /TOC /COD — — Yes Aqueous organic loading

RO feed / pretreated — — Yes Establish contaminant

process water load entering RO

RO permeate — — Yes Verify residual metals,
chloride, fluoride,
PFAS/TOF and salts

RO concentrate / brine — — Yes Close mass balance and
define residue
management

7. Interpretation framework

A robust technical claim should combine: (1) total concentration—how much is present; (2)
phase partitioning/mass balance—where it has gone; and (3) leaching/speciation—how
mobile or environmentally available it is. For organic contaminants, parent-compound
disappearance must also be distinguished from mineralization because transformation
products may remain.
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Recommended wording: “SCW does not make elemental contaminants disappear. Its
potential environmental advantage is that hydrothermal reactions can redistribute
contaminants between solid and aqueous phases and can convert some species into more
stable, less mobile or inorganic forms. The degree of stabilization, dechlorination, PFAS
destruction and defluorination must be demonstrated by feedstock-specific mass-balance,
leachability and speciation testing.”

8. Important limitations

The cited international literature concerns hydrothermal carbonization/treatment generally. It
supports proposed mechanisms but does not by itself prove performance of the specific
Arinkai installation.

Metal behaviour is element- and feedstock-specific. Total concentration may increase in char
while leachability decreases.

PFAS parent-compound degradation must not automatically be equated with complete
defluorination or mineralization.

Chlorine removal from PVC does not establish destruction of every chlorinated organic
contaminant.

Regulatory or beneficial-use claims should be based on validated methods and representative
samples from the actual process.

Water-treatment and recovery performance are system-specific. Ishimori has confirmed that
recovered water is recirculated to the boiler system; however, the detailed Arinkai water-
treatment configuration, including any RO stage, pretreatment, recovery ratio and final
management of concentrated residual streams, should be confirmed from plant
documentation and operating data.
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Revision status: Updated August 2026. The contaminant-fate addendum reflects the current
technical interpretation as at August 2026 and should be read together with Japanese
operating data and independent analytical results. Feedstock-specific performance claims
remain subject to representative testing and verification.
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Japanese Translation

Y70V T 4 hIL - T —R—4NE
(SCW)

TOEIT47 YU —

BT ahN s Tr—K— (SCW) B, HERICEWT20FEUEICHTZSE
EETET D, BENICEI S N FEREE DOKBRBEEMAVERITTY, PVC,
PFAS/PFOS 534, EEREZEY). TAER. BRETI7XF v I, XAV, CCAL
BAMGRE, BE=Z2—Y—7 Y NERNTUEASRELFEEYICXT L, D - Tk
B DEIRRL & B AJgEEDN H Y £ 9

SCW lE. BHISNT-RSBHBANTER - 8EDOKBLUOEIZAVWTEERD 9D
BeZHmLEd, BRUCK - T, RIANAGAD Z 0 E L 4 5 REEYME % KIEICH
BT DEEHIC, BYREEXRARICBVLWTARREREE LTABETE 206 %
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AL, RE-7VERERUMTEET, 7vREsER T vie1 A+ L L
THELEY,
SCM TR REICL 2 7O XA TIL, PFAS ZH (KA - BT 2D Tldk
K, Z9ItAFV EFTREICHET I I TVET,
ERR L7277 vEIEKRT A AR TERIN, KEERHICL > TIBFRED X
FHEET DD, CaFh EOEHE T vbMIBZFERT 25650 H Y £7,
HARDDITHER L. mms@A%3;07vk%iﬁ%%?i%%%ﬁtfuiﬁo
—H. BEORRNBEET2HEICIE. PFAS ONRER, 7 v RICORE, LUV
RRBEH 7 vEITOWNT, ﬁ@@\ﬁﬂ%;iofﬁmT%ztﬁgiﬂiTo
CHDRHVEELRIER

o PFAS: SCM ¥, PFAS Z Rl DREMRANBIZBITI L 2D TIEHR L, DT

52 &mBHELTVWET,

e B7vHRIL: CFEEGZEUMTSHIE T, PEASOTHD T vEEEEKT v
e LT L £,
o 7t MHEINT VLIS BOEMR Y &Y KERKHFICLE-T
IBREREAMITT 2. ERTY veWIEETERL £,

o Fr—: EMEPIEETLZPFASHELOE# T vRICOWTIE, Mz LzD
MICE > THERTHZENTEET,

e TMB: BAROTOLXNTIE, EXRETY vRILEYMVIRHINEA >7-F
BINIMEEINTVET, RERNATOERICOWTHONTHIET, 0K
BEZHERT DI ENTEET,

o HEH : SCW IIBBHEN/ERETO R THY, BEDOMBEERAZLEYL L
FHA,
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INODOTHITRETIZAL, BEINKBA 7O ARNTETLES, 208
M. PFASHFZDLDAaHDBET. T& LTHEE. BE X ILERT 2 0EBHEIM &
DERGEVNTT,

1.3.4 CCALEBAMICEF NI ERDOREI
CCAEZRRTE — bh V) T LEH
CCAMLEARMICIZ, F& LTUTOIBEOHEFBAREENEENTULET,

. A (Cuw

e« AL (Cr)

« k3 (As)
EHBRAME L IIERY ., INODEETHRZDH D% SCW ICX > THEE - HBI
B2 LIETEEFHA, TORDY, SCWAEIZL > T, EEVLEFRES LUE
1 - KB DD ERENZ L T 2 AIREMEL B Y £ T,
e ] (Cu)
F v —RICRIFINRIZ, PR IRFEEEFEELEHETEET 256D
HYFET, TOLIBFETIE, BEMESLOBRHENKIBICIET T2 A8EELH
VET,
e Z7AL (Cr)
7 O LlE SCW LB TR FERHAZL L. F v —FOLEMNEE L 78918 £ 7-
IFRFBEFEETIHELDHY . ZOHER. BHUSIOAEEAKIBICET T
AIEEMEN B W) £ 7
e £E (As)
ERDHREKRIC, SEPECTF v — D% - B ELES L. BEES L B ENR
BHENMET T 2A8MELA DY £, —FH. BERBLOTBERKDICFREFICL
S>TlE, ERDO—EHWKEBE~BITT2EZEEHY £,
AARICE TS SCW MBI EDO A TIE. BEIN/ILT £7213 ILT ZOAHR
BRICHEWT, Cu. Cr. AsHBHABRL ORHEIN B > T-EHHARESINTWET,
SHICEEICEHAT S L
CCAMVEBAM D EBRBERD L. BHEFE LTHERASINTWSIH, 7AL, EXRT
ER
SCW LB T,

1. A OBEREENKBARISICE > THBINET,

2. EEBZDHLDIEIDBINT AN, TOIEFES L UODHIRENET S

AIEEEN D Y £,
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3. Fyv—HICREINT-EEIL. PECKRRY v Fhv b v IR EFEER
GENHY £,
4, TOEHIBHEEICL->T, EBOBEMES L AHENKIBITIET 35 A8
HENHY £,
5. —HBOERBIIKE~BITTZHELH DO, BHEKBOWNAEZAHTT S
ZENEETY,
SCW 13#7 230~265°C TEER S N IEMFEE KA T O LR TH D12, —HOERE
Tzt rfER LY., RIKPITEMELIZY TARJ8EEDH 5 5 amlihE &
. EBOEHHNRANICELY £,
L7=D'>TSCW IZIE, CCAHREEZLYBEILICKLK, KYBHLICKWLERE
ARETEBZARMENH Y £7, 7272L. ERORIFER, CFHELSLIVAHME
IZ2OWTlE, RRERZLICEEBMBLOBAHEARICK > THERTHIHENH
b ET,

14 70 RPE
Step 1 — [R¥}£E(&H
e WMEIISL T, BRAMNEBICELAZREIIAERLET,
o FARLIEEVMEENBRICEAL, Ny FMBETVET,
Step 2 — mERILE 2R
o EEVETHNRIFJMHEAL, EBHICER - BELET,
e mAERNZEIZTABMANBEEFALED,
e 230~265°C, 3~5MPa CULIEZITLE T,
Step 3 — RIG LT
e TIRAFVIUDRES
. Y OMKS R
« PFAS D7 v %1t
. BEOZREL
Step 4 — &), ZAED[EYR
LI, BES L U EE. UTOERYHNMEoNET,
1. REY v FERERS
2. BERSBLVEERS?ZSTEN - BE7O0ERK
3. BRIV EDHRIR MERERS
Step 5 — 7KL Kk U'E]UX
TOtvZAKEMNE - BIRL, YA TLRATEERITET,
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RO T2 % & LM A KALEBEAICOWVWTIE, SRKEOARKRE - HMTERICESWT
HRTHILENDH Y £7,
Step 6 — F ¥ —DXRL v ML

A3
ftlL£75

1.5 (LB 4 - SCW -« BE#D - HTC

LT, TRLLF—FHEZEHNE L1z [SCWRLy FRE ELTRL Yy b

5 SCW BEED HTC (k#hikit)
EBELRE 230~265°C 850~1100°C 180~220°C
EAH 3~5 MPa A=E #9 2~4 MPa
RIGICER R % i E
BE | SUSICBEALEL LA REICLE S
ELian
D5 vk |H BE. ,&*Eﬂa
PFAS %i it 7 /% SERMREILRE. BB R, A
PFAS %038 {v, AIBMABEIX DATIC & 2 6 L OEIRSAIC o = < ik
c T
REED N AKTE
IER > ERIFF L L HC B L IERRENAE K
A * \f i ? MEBEMIZE 5T
PVC 038 | T/KIBrR D EMIE( AT I3 2 B A BEHE o .
. . [T ARIE R H AT EE
17 EHOWE
EREIZIKFICEE. F/- EBBIE—KRIC/NA
(2T - ABDEAEAL, ) ) e
£ %Z%b'l‘ét \'\E'I@:b‘ﬁ?@“é TTELE - ICEk->THE (FRFv—B L
(cca) |- EEETE 5 AMBEE~ETTS |/ £ 7 kAR
AIBETE )
BEhdH > =4
RAFF [BEOMBEIC L DEMBRE EBEEHS LOHEH AL BEDOBREEICL S
v % [a] 8% BICK>TEREEE S RREE% 3]
REY Y FRERY., B NA ROF v —,
BERERK |5 & CEHMERR % 7 I35 HRIEEE B L O
. RELT v 2,/ RIK
# o EERAME L LT S MIBEMET £ > T
TE B ATKEME R %
. . 70t ZkHE
O RAKEEUNL, YR |[TOEREBOBEETIE | o
7K [E]4Y - R CEEE . B AL R T
T ) = N
8 * LEBEHC L B
NZ 0] | TR =B R 13 B = B
BRER | e BV RcEA BT T2 [BEMEATLE
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SCW (3. BN ELEYMEBEDNIE L FIAREEZFE O REY v FRBREDE
INE, —DDINBY R T LANTHAEGHOES Z ENTEET,

1.6 SCW DFl 2
e BEOMBEEEHZMAOLAEVWERETAER
o KB, BIERNL. M7 vRUEBLOFEYPEERICL > T, HNEGHE
FRZEY) - TEEREZEY & W3R
e BIRNLXF—DF¥r—%EK
o RAFFIUERICED ZEE ORI % O]
o NZMIIEIBRE > BERTEREN & OFHMME
o VXY MNRREMEE
HARICEWT 20 FLLED 7L R — )LiBEREIE

1.7 8% XHR
BAEEN (A—<xRE+RE+ER)
Ishimori, K. (2019). Arinkai shiryo: Subcritical water technical reference [BERSRE X} © &8

B SR /K I iTE K. Ishimori Industry Co. Ltd.

Ishimori Industry Co. Ltd. (2018). Tsui ka shiryo, toriatsukai chiii: Supplementary technical
data [BINERL BV ZKUVIEER @ HlT# 2 7 — #]. Internal technical manual.

Ishimori Industry Co. Ltd. (2020). SCW system overview [SCW ¥ X 7 L#EZE]. In SCW
Reports ENGLISH (certified analysis results).

Ishimori Industry Co. Ltd. (2021). SCW tech and patents overview [SCW T4 S M5 a8

2. Internal engineering document.

Ishimori, K. (n.d.). Interview: “SCW: Subcritical Water — Interviews with Kaneo Ishimori”.
Substack.
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20727 UTF 4 A - TFx—K—
(SCW) IC&BPVCHELVEEZERTS T X
F v 7 DALIE

2.1 E

RUEBE=IL (PVC) 1E, EELTH S7%E LW BWEREE X, BIEREXIC.
BLOBRERICHCI P XA F XL oA EOEERIERYMZ LR T 2A8EMENH S
EDND, REDODEEVIIES AT LICEWTELNEA#H L VTR F v 70—
T9,

BTV T 4 hIN s T+ —R— (SCW) AIBIL, PVC =0T 5 7= D IERRBERIK
HAMBIRBE IR L £ 9,

230~265°C, 3~5MPa DEHET Tld, PVC IZ/KMRIEZRIZZIF, BEREIIFE LT
BB E LTKEABEINET, — A, Bo7mRkKRY v FRRY v —1EE
. SoICDB - RIESNE,
TOERKDACFEEE, BLUZOHBROENE - BERMHFICL > T, BIEPITERE
AJIC NaCl %> CaCLsa EDIgE LTCHEET 2HEHLH Y £9,

PVC OULIEEIR

PVC . BIGRRRICK: (BT pH BERREZ MR 570, B8F. HOREY L
EHITERNIEINE T,
PVCREDEWHEICIE. BIGERRISICH >TEL2BED RS 57cH, BE
(1255 LT Ca(OH):X° NaxCOs8 EDRBOA B TILAVFIZARIMT 52 &nDH Y £,
MHIN/IBRIE, F& LTOKEROEERMYE LTEEIN, KEXEBLD
BEOMEBIZL > TlE, FRIEHIIC NaCl ¥ CaCLR EDIEE LTHEET 2HEDH Y
EJCM

ZDHEIZ. BERD SCWEMBICHEWT 20 FELLEIChIYERIhTEHEY ., I E
TILBER IR BRBOLITHRINTULETA,

ARETIE, SCW I L % PVCAED RICHERE., RIGERE., BELC7AEXELUR
MBI ABERICOVWTEHRAL £,

2.2 SCW E£HETICH T3 PVC DILFHIZES)
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230~265°C DINEREKIRIZETIE, KOFEXRMET L, A1 AV EIEBARTH L L
HIZ, BLRBRIGHEERT 7=, PVCRY v —HODBIBEINE T,

221 ERW : BEERR G
BOICETT 2 EFERRIGIE, BRGAIEER &I (dehydrochlorination) T,
ﬁMﬂHG)iﬁﬁmﬁmmﬁéﬂ\%zTﬁﬁ-¢ﬂéﬂi¢o
SEXH :
(Ishimori, 2019; Polymer Degradation and Stability, 2001; Soler et al., 2018)
HH Y T VR
e PVCIE. &R  ®EDOKFTIRIERNMCELODREZIT LT,
o MHAINTIERIE, MEHRZBL THEINZOTIEHRL, £ LTER
ﬁm%tbf$ﬁﬂﬁﬁbi¢o
o BEolRRVYTFHRRIYT—BEIIIOICKADEEZZIT. kEBY VY TFHF
v—D—aBE Y £,

23 P L IERER

231 KEHRICHITBIECMEF Y VLDOHETE

232 AN ILRTLA YRS EDRIE

INLDORIGICK > T PVCHRDIERITE & LTEBIBEYE LTKE~BITL
7,

KETIERESZRMT S 2N TE, BYIET O ZKDICFEEEICHL T,
BEAFELTHFET DD, BRICEREE LTFET 2580 HY £,

SE XM

(Ishimori Industry Co., 2018; Soler et al., 2018; Wang et al., 2023)

ERK : BRIEERIG — HH Y T VER

tEZERLOZBADERTEIHD
e (CH-—~CHCI)—,

PVC (RUBLE=ZIL) DEYVIRLENMNTT, kHE. KE. BEREFHLLEBRIN
LZRWTZ7ZAF v 7T,

e —» —(CH=CH)—,

RIEMRICICK > TBRIBREIND &, FREMDOKRY v FaRY v —EBELE

V. SCWE&HT TI BIC/KADEE X ORI EITL X9,

e +n HCI1

iR IL Tld, BERMER (HC) & LTHHINET,
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S8 SEDKREETIZ, HCLIZH & CIICHREtT 2720, 1EHRIFE L LTAKIAH
DEBIEYM L LTFEEL T

ZORISHEELRIEH

1L.PVC 2t ¥ 3 2 L A {BRIEZHL

SCW Tld, PVCRU =" oleaZaxkEL, F& LTEEEBLYE L TKBEABIT
S,

L7zA>T. PVCEUTODL D RBEOMREBEREAEOLTICWEBT S ENTESE
ER

o HClZETBEHEN X

o MIRICLBEBLUAHX

o MBEERED XA AF T UER

. BEMOREIER
2o RV —RRF) v FEF ¥ —~F5
IR E. KR v FHRRY T —EEILE HITKANE - kiIbIh, £ERTEF
Y —D—EpE Y £,
BEREEOEKICE 2T, ERTE2F v — U TORFEZFORAEELH Y £,

e BLWKREBEE

. BRALERE

o WMELHMBIREMEKRZ I LGS, EXAME S LTHATE 26K
3.SCW (IIERRBEERNERYICEH 2 1BFE O RABEREE % [6]8
SCW I7kZ ik & 4 23EMBERIKEA T Dt X TH B 720,

o AKTERLEL

o BEDOMRGHEAREFEI TR

o RAFFIUARKICED HBE D PABER I % [0]8

e PVCHEDEZEAZT L LTKETOEMIENYE L TEE
EWOSEFELNHY £,
SHRFERHIDOWTHIRMEE A RER T 2LENH 255 ICIE. RBERRERLEY
CEBERDICOVWTAMTEIENTEET,
INiE. PVCEBREREYZNIRT 5D, SCW L 1RO RBER NRIAT & DRAN
BEWTT,
24 R 2 —BIROTR
HCI WY B S N7z, KU v —SHITTEEABE LAY, F v — X7 IERAKICEEM
L7cikFz ) v FREEY~ZNL £,
£Y 5 ERY
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o RFYvTFLREKE

o MHERIIFERHC L >TELD

o« EHE, K9, MESLVMEREFERFFERHIL>TENL

o HURMEMm ED7T-H~L v MMEA]EE

« HERINIMHmBLRE"HILIIHE, EERAMBE LTAATE 278l

SEXH :
(Ishimori Industry Co., 2018; Processing System SCW_E.pdf; SCW Reports ENGLISH)

25 IBRDES)

PVC IZTTRAER LTWIBHRIE, IBRRISICE > TlRH I h, £& LTEBIEL
M (C) & LTHKEABITL X7~

P L IEREE — bH Y PTUVESR

PVCH LB EIN-IERIIES BBDH?

HCl (8F)

PVC DB KIS TlE, EFRAHCI & LTHEINE T,

=R BEDOKRRIETIE, HCLIZRD & 5 ICHEBEL £ 9,

HCI — H* + CI
L7=A'>T. EEITF L LTABEROEMIENY (CI) & LTHEELET,
o o

REVRICHLED EFETDT7IVAVMLEY. £7RBLRICSCTRNT ST
AVENCE > T, REBRICTELICBREDZFNTHIENTEET,

B2,
2 HCl + CaCOs — CaCl: + CO: + H20
REALYILIE, Av o) — bt SYE ZOBORAEEYRSICEE

NTWBBENHY £9, £7o. REICIWLTTLAVHZERNISHRMNT S Z &
HTEET,

TRERKBIZEF MY TLAFTUNEFEET2HELHY 9, KEFHBLUZ
DD ENE - T2IRICE > TE. F MU VLA LIEBIYHD =R Cfﬁ'_l'ftﬂ‘ UL
(NaCl) & LTHEET2HaNHY 7,

SCW ICBW T ZhAEELERH

1. ERIER* T & LTERE(L~ZR

RIBEENIOICE > TPVCRU =D uiEEIBREINE T,

M S N7/-1EFE L. TTD PVC FICEBEMNICHES LR TER2 D TlE R, £&L
TEMIEY E LTKB~BITLET,

79



Originally prepared 11 Nov. 2025 by Rodney Hellyer of Recycling Oceania Ltd and Japanese Solutions Ltd, in association with Arinkai
Japan (Mr. Kaneo Ishimori), and updated September 2026. Based on Japanese-source technical data, site observations, and consultation with
SCW specialists and operators. This version is complete pending independent NZ radiocarbon analysis of SCW char. Enquiries: Rodney
Hellyer — rodney@japanesesolutions.co.nz

TAt ZKDICFEEREE L PREOKIEIC K > TE, BEYITAFREZ RS
Lh. BIRHIIC NaCl ¥ CaCLAR K DIEE LTHERET 2HENH Y £ 7,
2L EBFREZFBHAINAAKRTAELRAATER
SCW IZZEEA I NI FEMBE BRI KA T O R TH B 728,

e PVCHXNEZRIIF L LTKERNTEEINET,

o BEDOMEHEH ZARERIZHY XA,

e MMNSE/OLANTHMTEIENTETET,

o BEDOMBEZRIEHIZHY) A,
3. B4 F X2 VERKICED 2 BE O BRBER I % 06
SCW TIE PVC EZ MBI H E A, TDI-0, IEESHREVYOREEICHES BED
BAF x> EMEHZEEL £,
BATHIC R EARIBEAICIE, HRERHIOWTERBIEZZBELAEY S & OTHRA R
Wi L. IBMEEAERT D N TEE T,
TRERKDICFEEE L VZ DBRDORNE - 82I@ICL > TE, Z0BIEMITEFIK

BOFEFET LD HRNICUTOL LERIBEE LTEET 250 H Y £
ER

o NaCl (Bt bYUTVL)

« CaCL (EEHNIL)
Z 0%, BAYIET O RKE LOKENY R T LR TERINE T,
SCW (3FEMBE T D R TH D72, HCl Z BTN R E L LA FF > V&R
ICBI BB DIABER IR % B8 L £ 9,
SEXH :

(Ishimori, 2019; Detoxification of PFAS Using Subcritical Water EJ.pdf; Wang et al.,
2023)

26 FHREDHEES L UREH
2.6.1 EFRERE (Fv—)

e REVYvTFHEFREA

e LFEMICRELTHEY., BIRWHARS

o MREMIINETIREICL-TERD

o MEIREBEAKRZE-THG. EXRAMREZIIRRRERE L LCHATE

D AEEME

2.6.2 BHM
AARTHEESNTWD ILT B L P ILT 2O tER L. HERNR & & - = SCW MLIE
MITOVWTUTOREREZRLTWLWET,
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o WEINTBAHMMTIIBAEBERIIREING N 57
o BRIFFELLTEBERERTHFET D LHMEINT
o FAFFIUERIIEHEZLE/ v—FRELLFAL - REBETIE. BES
NPTl nWTInslZHEINnah -7
SE W :
(SCW Reports ENGLISH; Ishimori Industry Co., 2020)
2.7 RERBYAIRELANT & D ELER
Be&D
o mE ! 850~1100°C
o FHURY IHCIAR, ZAFF v RIKER
e EWLWERYURY
o EHLBHEBEERENLE

o PVCZERZEDICHIBRIETELVEELNZL
o BRRZX—I -HMPERTEHYRY
e EERBEOMENEXD
Y70UF4hI s I4—R—
o BEEEZITHAL
o RAFFTUERICED ZEE O MABEIRES % 0]
e« PVCHEDEZRAE L L TKETOEEIEN Y ~BIT
e TALRAMEBLIUMEEEICL>TRERZER
o BIFHHOAIRE > NZHAITREBRIZBEAEEN L OFRNEZETS
SE 3k -
(Akiya & Savage, 2002; Kruse & Dinjus, 2007)
28F ¢
WERBMIBY X T LICEWTROUWBI#H LW T T XF v 7 D—D2TdH 5 PVC I,
SCW I & - CIEMRBERIKBIBIREE CUUIBT 2 Z LN TEE T,
e PVC O/KERIEHRL
e PVCHkDIEHZR%Z T & L TEBEENY iR
o BEOMEHEEZHDLL
o RAFFTUERICED 2 EE O MABEIRES % 0]
o MR LTHIBAMEAIFOAREEMEDH HkEY v FRERKRES £
e TEBNHEBRBLIUVOBEMEEN L OEAGHEN AR
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30727 UF4HL - Jxr—K—|ZL3B
PFAS [XiGEHECFEE | DO E

1LIZC®HIC

AT AATILFIIACEDB L ORY 7oA 7L IL4tEY (PFAS) &, k&
- 7v%k (C-F) 58 ($485ki/mol) HB&H TRETH 2720, mHREERZMED
BWEHRICFEYEEDO—D2 T,
ﬁj\ﬁﬁﬁﬁ B, HEB(L 7R £ ORERBFEEYAIRRAMT TlE. H%s\%%%

ICHET B Z N TEY, REK AR, BRBEEY G E~NBOEINSH
\%Ui%
Y70 )T hIN s T —&— (SCW) LETIL, 230~265°C. 3~5MPa D EiR/E
KD UTOREMZRT I &N S, PFAS DKEDBE LU 7 v RILRIBZ 2L
EJEIN

e BUVAFUE (Kw)

o OHIZ & 2BV KIZKISTE

o MKDEELOBR T v RIEHWEITLOT WLRIDEN

o BEOMBERZ LRV, TEEMAE - EMBERICEEE
HAD SCW > X7 L TlE, PFAS Z2 LB RS L VEZEHKE 10 FUEICHIZY AL
BLTEY., BRODHIER TIEZ PFAS DB L U7 vIbIDERA RINTLE
ER
7272l 7 v RIEOEESLOERBER Y vRICOWVWTIE, HREBLDIERE X
VBERFHF I EICHERT2RELNHY £,

PFAS DKIAEE

PFAS Dt 7 v =LA E /2356, MHINAT7 vRiIZEEL LTEE7 vithe LT
KEABITL £

TAOEZRKDICFREFICL > TE, 7V IEPIEATFREDOZ FHFHET 255, &
BSEE EHEE T 25BN H Y £7

7t EET 7O AKOBEAEL K NEREIC D W TR, EBED Arinkai 7KALE
VATLDERICEDWTHERTI2LELNH Y £,

BER. 774 . BREBEEYNEL BHEEICIE. TNOLEREYBELERD T AN
TV RICESD, BYINIOHT - ﬁﬁ?%%%#%UiTo
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3.2 SCW IZ$E 1T 5 PFAS 4 fRHEIE

3.2.1 C-F {& & DK EN T M

SCW &£H T TlE. OH ICK B KRBHKENRICDO—DODE[ %Y, 7 vRLIh
e EMEERTDEEBIC, 7vika Ay (F) Z2ELET,

(Akiya & Savage, 2002; Patel et al., 2024)

322 M IN=7 VLY DES)

PFAS Dt 7 v HELIC K o THHE SNz 7 vibld. F& LTKIBRDOEBRS & L
TBITLEY
THEAKDICFFHFICE > TIE, 7 vtdAFEREBO L EFET 5H. EiET
vALYIEE R T 2HEN H Y £7.

ED R ZE DR TIE. 7 vbh CaF/e E DI ICER Y ;A F N B RJEEMED H V)
EJCM

BEZ7VAEMB LR L7 v EBRERYIE. Z0%, 7O RAKNEE &
VEBEBEBYATLORTERINE T,

(Ishimori, 2019; Patel et al., 2024)

PFAS @ C-F #E&YIEF — DY) T LR

CHORRBHPBEH®RTEIHD

¢ PFAS 3 FICIIBH THRELKEFE -7 vHER (C-F) BEHFPEEIATLET,
INITBRLZICBIT2RLBWEEDO—D2TH Y., PFASHIRIEHR CIHBICR (K
BI2EREBARHO—DOTY,

o SCW NER Tl KERIEIEIEIC & > T PFAS DS & U C-F & DUIETHEE
ShET,

CDREEEYINTTHZ LD PFAS IR 7 v BRI DEELREETT,

o CFHEEIYIMEND L, 7vRIIER7 vt (F) L LTHEIIET,
CORRT, 7vHRIITTD PFAS D FICHEHENICKES LR TIE AR <R Y . 7K
ROEER Y& LTBITLETS,

o Ko TIRFEBKIE., ISHICKBETREZITET,

PFAS DNBAET ICONT, KEAEOTEDITISICKIG L. MIBEEICIE L T
KEFRDOERY. KR v FRERY. €OMORICERD~DEEINFE T,

e OH  (KELPMAAY) 3. RIEEDEWKRILEREZEBHTIERD—DT
ER

BEINHDEELDOD
C-FiEEDUIMTIE, PFASODBE LR T v RILICBIT2EELRERKETT,
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SCM 7 A+t ZFAHEEICLNIE. SCMALE TIE PFAS # B ICIRE £ /-1 EMET 2D T
375 <, BE7 vItPAF LV ETRE|ICHET S L 2B L LTBIF LW E
ER
F& LTSNz 7 veWdKBh o\ & a . 7Rt XKOIFREIC
ST, BEREBOXEFETHH. BRICER T vLMIBZTKRT 2560 HY £
ER
B 214,
e CaF; (ZvilthIoIL) —+HDRALTTLAEFEEL, LEICEL210F
ST HBRICITE T 2L H Y £75
e NaF (ZwitF M UDIL) —F FUTLET VLMD TEET D55, FITE
MEEILEIRBRICIEE LTHEET 2 HEELD Y £7,

RbLEEICFEHBE
e SCWIIPFAS #HfEL. C-FiEEaZzUMTL £9°
o T vkZiF., BENIEELIZRELS OEE Y vt~ EIRINE T,
e MHEEINAZT7 vEWIKETEREIN, TDHK, FHICL > TEBIELFK

TEHHEL DY FT,
o EOT-REFEEEWIE. S HIIKBEHRAEZITE T,

322 M IN=7 VLY DOES) — BMDHH Y P F LESR
PEAS DR 7 v RLICE > THRHE E Wiz 7 vibA F > (F) &, BEY X /1370
T AKFPIHFEET D DI T L (Ca2+) ERISTBHELH Y £,
CFEEILERICE L TWBIBEICIE. RALYDOEA (fluorite) & LTHEHN
57 vk hiv L (CaFs) %ﬁé)ﬂz?éTA“']{im‘ V£,
Floe FRUDLAFVET LA A A KBRICHEFEL, BISEMBE/-I358E
BiZ7 vt UYL (NaF) & LCHEETDHEENHY £T,
BELGRAV MEIRDEBY T,
o PFASHER 7 vHRibd 2 &, EET v A F A BREINE T,
o TUtMIA A VIEEL LTKE~ABITLET,
o KNEFHICK-T, AERRBEZHITT 2. EEY vLWELZEKRT 255
Nl £,
o THRBANTYTLNFEL. MBEFHDNEZIL. Cabh' T 5 AIgEMEL H
V£,
. m¢ ICE ST 7 v, Zo#%, 7R ZAKLEBS LUOEBRAEEBY X T A
CEoTEEINET,
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BELGEHIL, TTO PFASILEY 2 BICHIR £ /- 11T 5 Z & Tl <, PFASH
ICBEBRICHEESLTWE 7y R2 87 vt~ T]RTE L T,
323 RRBIRDEE
7 v B INTZRESEERD L. S SICUTFO L S ARG E T 5 AN
Nl Ed,

o MKDBEELV, LVNSLBELELEY DL

o ILWBINEBLUVKRI, —BDRRILTF v — DB &7 5 ATHEME

o MEBRHEIZL-TIE, COEETRRRRBERY DK
HA®D SCW EZEICOWTHEINTWAERLRT — X Tld, TAREEIE—MICDR
{, BBT—XTIZCON2%KRMEREINTLET,

(SCW Reports ENGLISH, 2020)
3.3 PFAS {0321 HE
HEADDHT— 2B L ORRINT WD KELEIFT 1L, KEVIESAE T T PFAS
NARBEMMBELIVR7 vRILEZZIFR/BD 2R LTVLET,
—7. WESNTLLABIEREIE. PFAS OEE, BE. £H. TLAVE, BEK
FBELOREEY M)y 7 RICE>TRELERY £T,
SCM 7Bt XFAFREFICEINIL. BERTHUIBIER IS PFAS # EIE 7 vikpM4 > £
TR2ICHHET DI LTI,
=72 L. FERBHI T 2 AT A el Tld. BET 2 RERRICO WL THE
BPFASBL V7 v HEEAEL., DIICL > TIBHEEZRILET I2HELDH Y £,
(BA® JNSALT Z DD DHHRERIC DL TIE, SCW Reports ENGLISH (X Ek S 11
TWET,)
PTG SR & 72 B FRERYTR L.

o BT v—/EREE

o« MIEEFAT O RIK

e ROZBATZHEED ROEBERELIEZT 74~

. ZTOMOBREREMEE

T,
3.4 PFAS LB ff5 D LL 8%
5301 PFAS D7 fig )RV /EE (=3
PFAS D7 f# - fit BE DRBEEZRE % B
FEAR - JEMREE S Ot L
SCW 7 v E - ER z% FRAE EEd. otk E
7 vt [N - AL
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5301 PFAS D49 & )RV /3E =3
PFAS 75 PFHXS, USEPA Tl I NT
{ERIEAD B PFBA. HF #2%AE | -
L % ATEtE *
== e ST —HE =4 135 i
=imBEED SMETENE B 1) = T :\: \\ \ﬁ% HF |3 \‘ b T REIG
(>1,200°C) AT ZIN—DE BIEAKE
Ehoy i mL PFAS W& 1FE T 2 AlBEME (BT v — & 4K
1837 mL =K REAWAEEEE
IR IC L RR D ARAL B
SEMR Wi O & P = PASE % 21 00 SR ~TB 1T
BANE
. PFAS RIBRDIED L |
#BE (RO) [BEOH - = BRSO D R b
SCW &, PFAS O fEE L NMEMA L D RIBEME 2D, BEAAY - JEMRIBE DB E A7k E

IIBIREETT, 727 L. ZTOHEIGEGEFESLORMHIL>TERY £9,
3.5 PFAS B EEYUIBIRF O LR
B+ (F+—/k%)

7k41H

7AtRKBELIVCRERROCEBERKRICK > TE, \BEY vtz ETHYEN
FEITLAEMELHY X,

HADAHTERTIE, BBREIN/TAEHIOWTER Y v RARE I NG -
TLEBEINTVLET, ARMEDHZFERHIOWTIE, RE T & DFBRIC &

STHRZHERTILELDH Y 7,

BATHRE SNIOAHARTIE, ABRNRYICOWT, B LEREGT
TAREE I EWVEHENRESATWETS,

HERB L TBEAINEZZAREEICL > TE, Ao E/lE T 2L F—[EUIH]
AT 25aElEr»HY £7,

7ty (F) BLOELRY (C1) 2B8GFAF v LTERET,

RO/ A A VB IZ L 5T, 7ARRKEDBEAFT > 2BE - BiET 5
ZENTEET,

HATHREINTWA Y XTLTIE, UBBFA 7O ZXKZEUN - BFRAL
TWET,

N
By
!
|
X
f*
&

AR TRESNTLWIEBET — X TRARKERF DA,
CON 2% KRimEMESINTULET,
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o BARTHREINLHAZRDITIE, BEXRET7 v REEDITREEINTUWEYE
Ao
o BARTHEINLARPITIE, HF FREI W TULELA,
3.6 PFAS BHREEMICHT 5 ELF =
SCM (f. PFAS ZH(CRE - BiET 2D TIEA <. PFASZDH DS -7 v &R
tIBZLZBME LTRFSNTULE T, TOMLEBEMERERICOWVWTIE, EYaai
ICK>THERBL £,
o BEOMRBEHEHAMNEBL X T LHZMBELE LAL
o BARTHEINLHRDITIE, EEREY vRAELEYIEIRE ST UL AW
o RIRAIBEAREEMA (230~265°C) TE#n
o NZMITREEBIEK > BEREEN L OHMME
o 7A—XPRN—=FBRKERSRTL > TOLRKSZTLATT viLHH &
VIEBEEMEZH U, BT 5 Z & A AlRE
o RFVVTFLTFv—ZEMRL. MBIE LTOMBMEZR DRI, <72
L. B PFAS. 7 v ZH LU X DMBOMEIREIER D WTHERANHE
3.7 2E X
BAEEHX
Ishimori, K. (2019). Arinkai shiryé: Subcritical water technical reference [BREZSRER} : &
B SR I & 4. Ishimori Industry Co. Ltd.
AIST Japan. (2020). Detoxification of PFAS using Subcritical Water [EJ technical report].

National Institute of Advanced Industrial Science and Technology.
SCW Reports ENGLISH. (2020). Certified analysis of SCW residues.

H3E - SRR
Akiya, N., & Savage, P. E. (2002). Roles of water for chemical reactions in high-temperature
water. Chemical Reviews, 102(8), 2725-2750.

Patel, S., Halder, P., Hakeem, 1. G., et al. (2024). The fate of fluorine post PFAS destruction
during thermal treatment of biosolids. Energies, 17(14), 3476.
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4.0 CCA VEEARM : SCW ICL B3ERDE
1t

411 CHIC

0L -3 - e ZRZAMREEFS] (Chromated Copper Arsenate - CCA) TR I 7K
Mg, Z2—Y—=J Y FIBVWTCRELFICHAEL LR IBEHROEEYD—DT
ER
FEREICH TS CCA DFRER 1L 1980 FEREED D 2000 FRITH T TERFERYIC
fehanF Lah, BEDER - BB1F (C&D) FEEY. SRBAM. BEBIIE.
BREAECICKED CCAMBAMAZRINTLNET,
E L BERICH T A0
BTV T 4 AN TH—2— (SCW) £, BRICEWT, 295 LEBRFOMLER
M IR A RN TUIBT EAELZRELTCVET,
SCW TlIIAM DB b v 7 R2nEdT5EEHIT, CCAHXREEZ. BEMED
S VEWVIEYNE - REB /A LAEEL LTERICRE., FLRESE~ABOET
%2 ENAIBETT,
F/-. LAYV —baEOBEFEYE(C
WRBDIIESETH 1B, BEE, BH
ER

o IB3T: Cr. Cu. AsHRHIEICHIYAET DATEEM (MFE, 2004; MSE,

2019)
o BEED: b ZBLYO—EBD U O LML EYHER T B AEEME
o B REIIENRTEZFvy— IKFICEBLTERBL., EBOBES LUV
SRS IC & > Tld, HALBEME - IR ETRIFT 2 T8k

SCW &, B ZIADMRT B L EHIC, EERZEAREKETO LY BENE - BH
HOEWIEYNE - RERBICEESLETEBARELTE SR>, ZEA - 3F
BREEZ O£ X T,
BARTEREI Nz SCWBREDHER TIZ, BRAINOWHEICHB VLT, Cr
Cu. As DARHEIMREESNAED >T-BHABREINTWET,

DWTIE, KEADEIETLES,
BRICIZ, TNENRINAREDLH Y £
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7272l INHDRERETNTDO CCARBHIN LTRI—DEENFEOoND Z & Z2x
TEDEBRINETIEIHY £ A, REMDOHZFERICOVWT, 2EESEES
SUOBHERRICL > THERIILELHY £,

42 SCW BT 2 ERRE(IL OIS
CCAMEBARMICIF, & LTUTOTELIEEINET,

o # (Cuw
. 7 DL\ (Cl’)
° l:;% (AS)

INHDOERBIE. TOAMREEIO(CEEK. AMOREZ(, B L OMIBLHEIC
£-oT. BELRPBICREBE L MEERREBTHEET 261 H Y £,

SCW &1 (230~265°C, 3~5MPa) T, CCAHEKEEDILFETE (speciation) I
K UEHE - KBRIOS BN ZT B RIEELND Y £,
BERZRERICEFINLZE2EIR. PHEBLOREY v FRBELEEL. ZORBR
ELTESUES X VBEHENMET I 2580 HY £9,

HH ) T LEREA
CCAMBAMICE TN 2 ERBHEFBKERE L.
. A (Cu*)

e 0L (Cr*/Cr*)

. kX (As™)
T9,
SCW &G T T, INHDEEDICFEFEL X VEE~DOREAZALT 2 ATREED
HY)ET,
BERREFICEFIN-ERBIE. VLRELLIMHEELRFEBEHEETE L
T, BBUESLIOBEEMETIT2HE60°HY £75
DL BREENMDABEME L, AIBAMIC SCW Z BT 5 ECEELRFEZD—DT
TH, EBEOHEICOVTIE. RRERNIEDEEBMMMBLUVBRHARICL-T
HRTHILENDH Y £7,
42178 L4
WMBAMD< Ry 7 2O ENT7 O LIE, KAZKGET CBILIREE, L&
BLOUYA L OESRENZT DRBEELH Y £,
BEREATICRIFINLZ O LIE, KBWELE LBy, KLY, SE9ES &
URFRY v FaBEHEEL. TR, BB L OBAEENMMET T 5RIEEDLH
V£,
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HATHEINTLWEAHEAR TR, BRI/ ScwEEICOW T, BRIN/-H
BEUT T/ OLDOBEMEL, FLIETFRETH -T2 EDRENTVET,
4.2.2 $A

A~ bYUy 7 XODBICL > THRE I N/ZIRIL, KBEBEHOBICHEE I NS A]
BEMEDNH Y £,

BEEARICRIF I NRIE. B, KR, WEBLOREKRY v FHoBE
BEELl., TORBR, BBMESIOAEEMMBET T2/ 8MELH Y £195
HATHRESINTWDBAHEAR TIE, ARSI N/ SCWHREICDODWT, BRINR
BREETCIHOBEMEL, FLIETRETH T2 Z EARINTVET,

423 kt%E

b RIZAKEILIBHIC, LFES LOEBE~NDODEAENT RN DY £7,
pH. BRILIKRE. ALY T LZ DDA IC L > TE. ERVIHEFE 21T k%R
Uy FREREALEET2HEa07HY £7,

—FhH. —HOERINKE~BITTHA8ELH D70, KIEOAWLEETT,
HATHREIN WA AHARTIE, BBRIN/-SCWERAICOWT, BAIN/HA
BREUT CERDBAEMEL, FETRHTH /- EARINTULET,
BEERFRA b

SCW T BEEDEEL Y & RIBIEWVERE TERIND 725, CCAHREREDER
IFRMIBICHIZ oND EEZONE T,

=72 L. ®WERERHCOWT, £EHEHE, KHE, BLUHRK - 200 ZREYR
DEIADBRINDIDE, DITICE > THERTILELHY £7,

(Ishimori, 2019; SCW Reports ENGLISH)

4.3 SCW ALIBh ) CCA AM D EE)

MIBEERFERICRS &
. Era—X, ATLA—R, VIR IN, WEBKREDZ MY
VI ADBAEINET,

2. CCABRERPAMPTOTOBSRES, SBERS N, EELKEDOREICSH
BShaulgiErDHY £7,

3. hkSEE, SEFZRR. WA, BLUVHMME - RRY v FHEOHEEERICE -
T, EEDLFEHLVET HAIEEMDHY £,

4. ERO—EIF., JYVREL-EBEATEEL LTRIFSh, Z0ER. BH
EELVBHENET I HRIENEDHY £,

5. Cr, Cu, As DEE - XBEDOFEEEIE. FERE I VRBFREICL -
TELEDD, TANFVRARRICE > THERIZILENHY £7,
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6. EMRE N7 AERKIZKEIRS ZTFLRATUREIN, HEIZEL TAES
IMEEZRMELIIRELLE. KZBARHALET,
HARTHREINTWVWALBKOAITTIE, BRI NI AEICEWNTCr, Cu. As
DIRHBRERG E B> 72FHHH V) £,
22—V =7V DY AT LT CCAYBERMZALIBY 25E(ICIE. WRFER LD
ABRICL - TRFEOHEZERIT ILELDHY £7,
4.4 CCA SLIBARM T T3 SCW £ DFFE
4.4.1 ERSRE (Fv— /¥ 59)
e Cr. Cu. Asl. IMMMEB L VPRELEHES LR CEARKAERICRFIN
2BENHY FT,
o HARTHEINALILT/ILT RALARTIE, BRI N/ SCWEAICDWL
T, BHIN-HABEZHT TCr. Cu. AsHRHBARKRGE B> 7-FHHH

)T
. BHEAEEICEVSATL, LEMBEZOLOHALER>TLBTHE
hBY £

Fyv—%ZDERBEIE LTERT2HEICI1E. Cr. Cu. As DYRBERFICED &
DIREE)ERTNIICDOWT, BRI T A EADHY £, TNICIE. Kb
LT ya, RIKE LA MBI E~NDDERLEENET,
(B8 : SCW Reports ENGLISH $ & OB MNER)
4.4.2 78
BAD 704 ZXKE L CBRKOAITIERIZ, LB IC—EOERBHKEABITT
BGENRHB L ERLTVET,
BESINT-ARDOHZIE, Cu, Cr. AsHVHIERAIREREE CHREEINT-H DA H Y
ER

L7=hA"> T,
o BELZEIIOWVWTIE. TOVRKNIES RFLANTEEALE L A BEEH
HY)ET,

o KA - KENXTIRICK > CATFFRYMEZDBEL/ITEMEITH 2 LIETE
FIH. THRE L’C@%E%@%@%;ﬁ;ﬁﬁéﬁ%%o)’ﬂi% DEEA,
o MIBKDOFBEIZOWTIE, BRAINIBANAEEZZIIBRELEICEBL LT
T A2MELNDY £,
o CCAAEBARMZIUIET ZHEICIE. BRZEDAME LY RNT v X
NLETT,
4.4.3 Tif
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o SCW L. BEOMEEY XA T LTIEHR L, BB - IERBEOKBNETAE X
T9,

o ZHBEINTWLWIHARDEELT —XTld,. EEOHRARESRI VL WVWEREX
NTWET,

o CCAHREENEME. KB, BLUHRKEDCHEHAFENEDL SIS
fexnzanico mfi\EM;K@VZA7/Zﬂ&;$OTﬁm¢%M%

rHY £,
4.5 CCA JLIBARHF : SCW - 1837 - IFENDLLE
ﬁm(muhumwéﬁ FHhEEEE

BILER & KEDOMICHEcE N DRI H
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KYUDEN SANGYO CO.,INC

Reported by:
KYUDEN SANGYO CO., INC

Date Submitted :

April 22, 2024

Report No. : 2446-2(6)8-049-1

Environmental Certified Public Measurer

18-20, Najima,
TEL +81-92-671-6071
FAX +81-92-682-5421

2-Chome, Higashi-ku, FUKUOKA, 813-0043 JAPAN

E-MAIL bunseki_ce@kyudensangyo. co. jp

CERTIFICATE OF ANALYSIS

The following is an analysis report of the Pellet fuels(Shari—-cho, Hokkaido) received on April 8, 2024.

Parameter Unit Basis Result %iii;???ﬁ;f Method
Total Moisture % as received basis 21.2 0.1 JIS 7 7302-3 appendix
Gross Calorific Value kJ/kg |as received basis 20200 10 JIS 7 7302-2
Gross Calorific Value kJ/kg dry basis 25650 10 JIS 7 7302-2
Net Calorific Value kJ/kg |as received basis 18380 10 Calculation *
Net Calorific Value kJ/kg dry basis 24010 10 Calculation *
Hydrogen % dry basis 7.26 0.01 JIS 7 7302-8
Nitrogen % dry basis 1.11 0.01 JIS 7 7302-8
Ash % dry basis 10. 4 0.1 JIS 7 7302-4
Total Sulfur % dry basis 0.139 0. 001 Combustion Ton Chromatography
Chlorine % dry basis 1.62 0. 001 Combustion Ton Chromatography
Remarks
% Net Calorific Value = Gross Calorific Value — ( 2512 X (9 X Hydrogen + Moisture ) / 100 )
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KYUDEN SANGYO CO.,INC

The following is an analysis report of the

April 8, 2024.

Reported by:
KYUDEN SANGYO CO., INC

Environmental Certified Public Measurer

18-20, Najima,

TEL +81-92-671-6071
FAX +81-92-682-5421
E-MAIL bunseki_ce@kyudensangyo. co. jp

CERTIFICATE OF ANALYSIS

Date Submitted :

April 22, 2024

Report No. : 2446-2(6)8-049-2

2-Chome, Higashi-ku, FUKUOKA, 813-0043 JAPAN

powdery fuel (Kitahiroshima—cho, Hiroshima) received on

Parameter Unit Basis Result %iii;???ﬁ;f Method
Total Moisture % as received basis 11.2 0.1 JIS 7 7302-3 appendix
Gross Calorific Value kJ/kg |as received basis 32970 10 JIS 7 7302-2
Gross Calorific Value kJ/kg dry basis 37130 10 JIS 7 7302-2
Net Calorific Value kJ/kg |as received basis 30420 10 Calculation *
Net Calorific Value kJ/kg dry basis 34570 10 Calculation *
Hydrogen % dry basis 11.3 0.01 JIS 7 7302-8
Nitrogen % dry basis 0. 32 0.01 JIS 7 7302-8
Ash % dry basis 4.9 0.1 JIS 7 7302-4
Total Sulfur % dry basis 0.104 0. 001 Combustion Ton Chromatography
Chlorine % dry basis 2. 22 0. 001 Combustion Ton Chromatography
Remarks
% Net Calorific Value = Gross Calorific Value — ( 2512 X (9 X Hydrogen + Moisture ) / 100 )




Kiyo Co., Ltd.

Environment 72 No. 25-80735
November 27, 2013

ANALYSIS AND TEST RESULTS REPORT

Hiroshima Prefectural Environment and Health Association
T 730-8631 9-1 Hirose Kitamachi, Naka-ku, Hiroshima City
Phone: 082-293-1515

We will report the results of the analysis and testing work you have requested.

Chairman Mitsuaki Kon

Business name

Target of analysis

Collection location

Collection agency Kiyo Co., Ltd. Date of collection
(collector)
Analysis items Results of analysis Unit Analysis method | Lower limit
A B C - of
quantificatio
n
Low heat value 31500 31000 31000 - kJ/kg | Compliant with JIS Z 10
7302-2 (1999)
Total Chlorine 3.42 2.64 2.71 - % JIS Z 7302-6 (1999) 0.01
Non-flammable 0.05 0.06 0.05 - % JIS M 8813 (1973) 0.01
Chlorine standard
(No Further Entries)
| Remarks | The analysis results showed that, on 2




Kiyo Co.,

Ltd.

Environment 72 No. 25-80912
January 20, 2014

ANALYSIS AND TEST RESULTS REPORT

Hiroshima Prefectural Environment and Health Association
T 730-8631 9-1 Hirose Kitamachi, Naka-ku, Hiroshima City
Phone: 082-293-1515

Chairman Mitsuaki Kon

We will report the results of the analysis and testing work you have requested.

Business name

|Analysis of hydrolysis, washing and drying

Target of analysis

Collection location

Co., Ltd. Kiyo Kitahiroshima Factory

Collection agency

Kiyo Co., Ltd. Date of collection: December 14, 2013

(collector)
Analysis items  |[Results of analysis - Unit Analysis method Minimum
Sample 1 | Sample 2 | Sample 3 fixed
value
Low heat value 33500 32500 32000 kJ/kg |Compliant with JIS Z 7302-2 10
(1999)
Total Chlorine 2.51 2.99 2.71 % JIS Z 7302-6 (1999) 0.01
<No further

entries>




ANALYSIS RESULTS REPORT

Mayor of Shiraoi Town, Chozo Ameya

Order number C-09-09-036-2
Issued on October 2, 2009

We report on the results of analysis of the samples received on September 16, 2009, as follows:

Heat Measurement Certification Business Registration No. 501.
Concentration Measurement Certification Business Registration No. 628

Hokutan General Services Co., Ltd.
Environmental Center
Akebonocho, Tomakomai City 1-3-3

Sample name No.2
Sampling location -
Sample collection date and time Year Month

Sampling Requester collection
Analysis items Measurement value Analysis method Remarks
Total Chlorine 1st Time 11.6(wt%) JIS Z 7302-6 Waterless basis
Total chlorine 2nd test 11.2(wt%) JIS Z 7302-6 Waterless basis
Total chlorine content 8.25(wt%) JIS Z 7302-6 Waterless basis
3rd time
No further entries




ANALYSIS RESULTS REPORT

Mayor of Shiraoi Town, Chozo Ameya

Order number C-09-09-036-2
Issued on October 2, 2009

We report on the results of analysis of the samples received on September 16, 2009, as follows:

Heat Measurement Certification Business Registration No. 501.
Concentration Measurement Certification Business Registration No. 628

Hokutan General Services Co., Ltd.
Environmental Center
Akebonocho, Tomakomai City 1-3-3

Sample name No.8
Sampling location -
Sample collection date and time Year Month

Sampling

Requester collection

Analysis items Measurement value Analysis method Remarks
Total Chlorine 1st Time 0.02(wt%) JIS Z 7302-6 Waterless basis
Total chlorine 2nd test 0.03(wt%) JIS Z 7302-6 Waterless basis
Total chlorine content 0.02(wt%) JIS Z 7302-6 Waterless basis
3rd time

No further entries




BREAKING NEWS

Mr. Yuasa, Shiraoi Town Living Environment Division

FAX: 0144:-82-4391

Thank you very much for your continued support.
We will send you the results of the Shiraoi biomass fuel facility wastewater analysis.

Water quality measurement results List

December 2013
Water sampling date: December 16, 2013
Collection location Drainage
Sample time 9:30
Weather Sunny
Water temperature°C 34.7
PH 8.4
BOD mg/1 8.1
COD mg/1 2200
SSmg/l 1
Normal hexane mg/I Not detected
Total nitrogen mg/1 640

Hokutan General Services Co., Ltd. Environmental Center
TEL- 0144-551171 FAX-0144-55-1172

Analysis Division



BREAKING NEWS

Mr. Yuasa, Shiraoi Town Living Environment Division

FAX: 0144:-82-4391

Thank you very much for your continued support.
We will send you the results of the Shiraoi biomass fuel facility wastewater analysis.

Water quality measurement results List

2014 Year , Month Minute

Water collection date: January 20, 2014
Collection location Drainage
Collection time 9:29

Weather Sunny
Water temperature°C 334
PH 8.1
BOD mg/l 8.7
COD mg/l 1600
SS mg/l 50
Normal hexane mg/I 0.6
Total nitrogen mg/1 480

Hokutan General Services Co., Ltd. Environmental Center
TEL- 0144-551171 FAX-0144-55-1172

Analysis Division



Shiraoi Town Garbage Results List

Shiraoi District

Shadai, Tojohama, Takeura

Ishiyama, Hagino, and

Kitayoshiwara
Chlorine | Moisture (wt%) | Chlorine |Moisture (wt%)| Chlorine content Moisture
content (wWt%) content (wt%) (Wt%) (wt%)
1) A plastic 0.17 12.0 0.47 18.8 0.38 23.5
Soft Plastic bag
B Packs 0.04 3.5 0.84 3.7 0.63 7.3
C-1 2.04 6.9 0.08 6.1 0.11 10.6
C-2 0.08 21.4 0.04 8.5 0.05 234
(2) Hard plastic 0.02 3.1 1.85 2.6 5.00 6.
(07) A shell 0.05 1.8 0.06 5.4 - -
Kitchen B Other 0.68 71.4 0.60 80.4 0.99 77.3
waste than shells
(8) Paper 0.03 18.1 0.06 66.4 0.10 14.9
(9) Fabrics 0.04 4.7 0.08 15.4 0.25 30.5
(10) Wood 0.10 42.0 0.16 48.9 0.17 46.9
11 A Footwear - - 23.1 0.4 22.3 1.6
Rubber and | B.Other 0.58 2.6 18.9 26.8 33.1 1.9
leather | than shoes

Chlorine content (wt%) = Anhydrous basis
Moisture (wt%) = Arrival basis




METROLOGY CERTIFICATE

Registration No.: W1311072-09

Mayor of Shiraoi Town, Mr. Yasuhiko Toda

Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6

Environmental measurement specialist Junichi Hara

Measurement W1311072 Issue date January 28, 2014

Certificate

Number

Date of sample January 20, 2014 Sample Hokutan General Services Nishio
receipt collector Co., Ltd.

We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name

Drainage

Date of sample collection

January 20, 2014 |

9:29

Collection conditions

[Weather] Sunny [Temperature]- 5.0°C
temperature]33.4°C

[Water

Collection location

Shiraoi Town Biomass Fuel Facility Wastewater Treatment Building

Measurement subject Unit Weighing [Lower limit of How to measure
Results [quantification
Hydrogen ion concentration - 8.1 0.1 JIS K 0102 12.1 Glass electrode
(pH) method
Biochemical Oxygen mg/1 8.7 0.5 JISK 0102 21, JISK 0102 32.3
Demand (BOD) Diaphragm electrode method
Chemical oxygen demand mg/l 1600 0.5 JIS K 010217 Titration method
(COD_Mn)
Suspended solids (SS) mg/1 50 1 Environment Agency Notification
No. 59 of 1971
Appendix 9 Filtration weight
method
n-Hexane extractables mg/1 0.6 0.5 Environment Agency Notification
content No. 64 of 1974
Appendix 4 Extraction and
Gravimetric Methods
Nitrogen Content mg/l 480 0.1 JISK 0102 45.2
Ultraviolet spectrophotometry

No further entries




METROLOGY CERTIFICATE

Registration No.: W131107 1 -001

Mayor of Shiraoi Town, Mr. Yasuhiko Toda

Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Measurement W1311072 Issue date January 28, 2014

Certificate

Number

Date of sample December 16,2013 | Sample Hokutan General Services Nishio
receipt collector Co., Ltd.

We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name

Drainage

Date of sample collection

December 16, 2013 |

9:30

Collection conditions

[Weather] Sunny [Temperature] 2.0°C

34.7°C

[ Water temperature]

Collection location

Shiraoi Town Biomass Fuel Facility Wastewater Treatment Building

Measurement subject Unit Weighing |Lower limit of How to measure
Results  [quantification
Hydrogen ion concentration - 8.4 0.1 JIS K 0102 12.1 Glass electrode
(pH) method
Biochemical Oxygen mg/l 8.1 0.5 JISK 0102 21, JISK 0102 32.3
Demand (BOD) Diaphragm electrode method
Chemical oxygen demand mg/l 2200 0.5 JIS K 010217 Titration method
(COD_Mn)
Suspended solids (SS) mg/1 1 1 Environment Agency Notification
No. 59 of 1971
Appendix 9 Filtration weight
method
n-Hexane extractables mg/1 Not detected 0.5 Environment Agency Notification
content No. 64 of 1974
Appendix 4 Extraction and
Gravimetric Methods
Nitrogen Content mg/l 640 0.1 JISK 0O10245.2
Ultraviolet spectrophotometry

No further entries




METROLOGY CERTIFICATE

Registration No.: W1302048-002

Page 2/2
Mayor of Shiraoi Town, Mr. Yasuhiko Toda
Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.
Environmental Center
Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara
Measurement W1311072 Issue date January 28, 2014
Certificate Number

Date of sample receipt

December 16, 2013

Sample collector

Hokutan General Services Nishio Co., Ltd.

We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name [Discharge water
Date of sample collection December 18, 2013 | 9:32
Collection conditions [Weather] Snow [Temperature] -3.0°C [Water temperature] 19.2°C
Collection location Shiraoi Town Biomass Fuel Facility Wastewater Treatment Building
Measurement subject Unit Weighing Results| Lower limit of How to measure
quantification
Cadmium and its compounds mg/l Not detected 0.001 JIS K 0102 55.31 Emission Spectroscopic
Analysis
Cyanide compounds mg/1 Not detected 0.1 JISK 0102 38 1.2, 38.34 Pyridine carboxylic
acid-pyrazolone spectrophotometric method
Organophosphorus compounds mg/1 Not detected 0.1 Environment Agency Notification No. 64 of
1974
Appendix 1 GC Method
Hexavalent chromium compounds mg/l 0.08 0.02 JISK 0102 65.2.1 Diphenylcarbazide
spectrophotometric method
Arsenic and its compounds mg/l 0.022 0.0005 UISK 010 261.2 Hydride generation atomic
absorption spectrometry
Mercury and alkylmercury and other mg/l Not detected 0.0005 Environment Agency Notification No. 59 of
mercury compounds 1971, Appendix 1 Atomic Absorption
Spectroscopy
Alkyl mercury compounds mg/l Not detected 0.0005 Environment Agency Notification No. 59 of
1971, Schedule 2 GC Law
Polychlorinated biphenyls mg/l Not detected 0.0005 Environment Agency Notification No. 59 of
1971, Schedule 3 GC Law
Fluorine and its compounds mg/l Not detected 0.1 JISKOI10234.1 Lanthanum-alizarin complexone
spectrophotometric method
Boron and its compounds mg/l 0.06 0.02 JISK 0102 47.31 CP Emission Spectroscopic
Analysis
Ammonia, ammonium compounds, mg/l 82 0.22 JISK 0102 42.2,42.5,43.1, 43.2.5 Distillation -
nitrite compounds, and nitrate Absorption Spectrophotometer, Absorption
compounds Spectrophotometer, IC Method
Dichloromethane mg/l 0.004 0.002 JISK 0125 5.1 Purge-trap-GC-MS method
Carbon tetrachloride mg/l Non detection 0.0002 JISK 0125 5.1 Purge-trap-GC-MS method
1,2-Dichloroethane mg/l Not detected 0.004 JISK 0125 5.1 Purge-trap-GC-MS method
1,1-Dichloroethylene mg/l Not detected 0.002 JISK 0125 5.1 Purge-trap-GC-MS method
Cis-1,2-dichloroethylene mg/l Not detected 0.004 JISK 0125 5.1 Purge-trap-GC-MS method
1,1,1-Trichloroethane mg/l Not detected 0.005 JISK 0125 5.1 Purge-trap-GC-MS method
1,1,2-Trichloroethane mg/l Not detected 0.0006 JISK 0125 5.1 Purge-trap-GC-MS method
Trichloroethylene mg/l Not detected 0.002 JISK 0125 5.1 Purge-trap-GC-MS method
Tetrachloroethylene mg/l Not detected 0.0005 JISK 0125 5.1 Purge-trap-GC-MS method
1,3-Dichloropropene mg/l Not detected 0.0002 JISK 0125 5.1 Purge-trap-GC-MS method
Thiuram mg/1 Not detected 0.0006 1971 Environment Agency Notification No. 59,
Attachment 4, Solid Phase Extraction HPLC
Method
Shimajin mg/1 Not detected 0.0003 Attachment 5 to Notification No. 59 of the
Environment Agency in 1971 (1) Solid-phase
extraction GC-MS method
Thiobencarb mg/l Not detected 0.0002 Attachment 5 to Notification No. 59 of the
Environment Agency in 1971 (1) Solid-phase
extraction GC-MS method
Benzene mg/1 0.001 0.001 JIS K 0125 5.1 Purge-trap-GC-MS method
Selenium and its compounds mg/1 INot detected 0.002 JIS K 0102 67.2 Hydrogen compound
generation atomic absorption spectrometry
Remarks *The result displayed as "not detected" in the weighing result column indicates that the amount was below the
lower limit of quantitative measurement.




METROLOGY CERTIFICATE

Registration No.: W1302048-001

Mayor of Shiraoi Town, Mr. Yasuhiko Toda

Page 1/2

Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Measurement
Certificate Number

W1302048

Issue date

February 26, 2013

Date of sample receipt

February 18, 2013

Sample collector

Hokutan General Services Nishio Co., Ltd.

We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name [Treated Water
Date of sample collection February 18, 2013 | 9:32
Collection conditions [Weather] Snow [Temperature] -3.0°C [Water temperature] 19.2°C
Collection location Shiraoi Town Biomass Fuel Facility Wastewater Treatment Building
Measurement subject Unit Weighing Results| Lower limit of How to measure
quantification
Hydrogen ion concentration (pH) - 7.7 0.1 JIS K 0102 12.1 Glass electrode method
Biochemical Oxygen Demand mg/l 9.0 0.1 JISK 0102 21, JIS K 0102 32.3 Diaphragm
(BOD) electrode method
Suspended solids (SS) mg/l Not detected 1 Filtration weight method, Appendix 9 of
Notification No. 59 of the Environment Agency
in 1971
n-Hexane extractables content mg/1 Not detected 0.5 1974 Environment Agency Notification No. 61,
Appendix 4, Extraction and Gravimetric Method|
Normal hexane extracts (mineral oils mg/l Not detected 0.5 JIS K 0102 Appendix (Reference)
and fats) Supplementary Extraction and Gravimetric
Method
Normal hexane extracts (animal and mg/l Not detected 0.5 JIS K 0102 Appendix (Reference)
vegetable oils and fats) Supplementary Extraction and Gravimetric
Method
Phenol content mg/l 0.03 0.01 JIS K OIO2 28.14 Aminoantipyrine
spectrophotometric method
Copper Content mg/1 0.06 0.04 JIS K 0102 52.4 ICP Atomic Emission
Spectroscopy
Zinc Content mg/1 0.69 0.04 JIS K 0102 53.3 ICP Atomic Emission
Spectroscopy
Soluble Iron Content mg/l 6.5 0.1 JIS K 0102 57.4 ICP Atomic Emission
Spectroscopy
Soluble Manganese Content mg/l Not detected 0.1 JIS K 0102 56.4 ICP Atomic Emission
Spectroscopy
Chromium Content mg/1 0.22 0.05 JIS K 0102 65.1.4 ICP atomic emission
spectrometry
Nitrogen Content mg/1 180 0.1 JIS K 0102 45.2 Ultraviolet absorption
spectrophotometry
Phosphorus Content mg/1 0.13 0.03 JISK 0102 46.3.1 Potassium
peroxoisophosphate decomposition method
No further entries
Remarks *The result displayed as "not detected" in the weighing result column indicates that the amount was below the
lower limit of quantitative measurement.




METROLOGY CERTIFICATE

Registration No.: F1301010-001
Page 1/2

Mayor of Shiraoi Town, Mr. Yasuhiko Toda
Metrology Certification Business Registration No. 628

Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Measurement F1301010 Issue date February 1, 2013
Certificate Number
Date of sample receipt | January 21, 2013 Sample collector Requester
We hereby certify the results of the weighing of the sample you have requested as follows:
Sample name Shiraoi town solid fuel (for January)
Date of sample collection -
Collection conditions [Weather] [Air temperature] -°C [Water temperature] -°C
Collection location Shiraoi Town Biomass Fuel Facility
Analysis items Unit Weighing Results| Lower limit of How to measure
quantification
kl/kg 22000 500 JIS Z 7302-2

Total calorific value (water-
free basis)

Total calorific value (water- keal/kg 5300 100 JIS 7 7302-2
free basis)

Moisture Dry air base wt% 3.5 0.1 JIS Z 7302-3

Ash content Waterless basis wt% 8.3 0.1 JIS Z7302-4

Metallic aluminum, wt% 0.56 0.01 JIS Z7302-5

waterless base

Total Chlorine Anhydrous wt% 0.23 0.01 JIS 7.7302-6
Basis

Total Sulfur, Anhydrous wt% 0.04 0.01 JIS Z 7302-7
Basis

Nitrogen on an anhydrous wt% 0.50 0.01 JIS Z 7302-8
basis

No further entries

Remarks *Conventional units (kcal/kg) and their values are for reference only.




ANALYSIS RESULTS REPORT

Registration No.: F1212016-00

Mayor of Shiraoi Town, Mr. Yasuhiko Toda
Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.
Environmental Center
Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Report Number F1212016 Issue date December 27, 2012
Date of sample receipt | December 14, 2012 Sample collector Requester
We would like to report the results of the analysis of your requested sample as follows.

Sample name Shiraoi town solid fuel (for December)
Date of sample collection -
Collection conditions [Weather] [Air temperature] -°C [Water temperature] -°C
Collection location Shiraoi Town Biomass Fuel Facility
Analysis items Unit Weighing Results| Lower limit of How to measure
quantification
Total calorific value (water- klkg 24500 500 JIS Z.7302-2
free basis)
Total calorific value (water- keal/kg 5800 100 JIS Z 7302-2
free basis)
Moisture Dry air base Wt 4.4 0.1 JIS Z 7302-3
Ash content Waterless basis Wt 6.6 0.1 JISZ 73024
Metallic aluminum, W% 038 0.01 JIS Z 7302-5
waterless base
Total Chlorine Anhydrous Wt 0.25 0.01 JIS 2 7302-6
Basis
Total Sulfur, Anhydrous Wt% 0.04 0.01 JIS Z 7302-7
Basis
Nitrogen on an anhydrous wt% 0.67 0.01 JIS Z. 7302-8
basis
No further entries
Remarks *Conventional units (kcal/kg) and their values are for reference only.




ANALYSIS AND TEST RESULTS REPORT

Environment 72 No. 25-80735
January 27, 20113
Hiroshima Prefectural Environment and Health Association

T 730-8631 9-1 Hirose Kitamachi, Naka-ku, Hiroshima City
Phone: 082-293-1515

Kiyo Co., Ltd.

We will report the results of the analysis and testing work you have requested.

Chairman Mitsuaki Kon

Business name

Target of analysis

Collection location

Collection agency Kiyo Co., Ltd. Date of collection
(collector)
Analysis items Results of analysis Unit Analysis method Lower
A B C limit of
quantifica
tion
Low heat value 31500 31000 31000 kl/kg Compliant with JIS Z 10
7302-2 (1999)
Total Chlorine 342 2.64 2.71 % JIS Z 7302-6 (1999) 0.01
Non-flammable 0.05 0.06 0.05 % JIS M 8813 (1973) 0.01
Chlorine standard
(No Further Entries)
Business name
Target of analysis
Collection location
Collection agency Kiyo Co., Ltd. Date of collection
(collector)
Analysis items Results of analysis Unit Analysis method Lower
A B C limit of
quantifica
tion
Low heat value 31500 31000 31000 kJ/kg Compliant with JIS Z 10
7302-2 (1999)
Total Chlorine 342 2.64 2.71 % JIS Z 7302-6 (1999) 0.01
Non-flammable 0.05 0.06 0.05 % JIS M 8813 (1973) 0.01

Chlorine

standard

(No Further Entries)




Shiraoi Town Garbage Results List

Shiraoi District

Shadai, Tojohama, Takeura

Ishiyama, Hagino, and

Kitayoshiwara
Chlorine | Moisture (wt%) | Chlorine |Moisture (wt%)| Chlorine content Moisture
content (wWt%) content (wt%) (Wt%) (wt%)
e A plastic bag 0.23 17.6 1.23 17.2 0.93 25.1
Soft Plastic 1
A plastic bag 0.17 10.7 0.07 7.9 0.08 27.7
2
A plastic bag 0.12 8.0 0.12 31.3 0.13 17.8
3
B Pack 1 0.05 5.2 0.02 3.8 6.0
B Pack 2 0.03 5.0 0.03 2.4 7.3
B Pack 3 0.03 0.4 2.45 4.9 8.5
C-11 2.89 10.0 0.10 6.0 7.5
C-12 0.05 5.0 0.09 7.5 12.6
C-13 3.17 5.6 0.06 4.7 11.6
C-21 0.10 22.7 0.02 4.3 0.07 31.5
C-22 0.04 22.6 0.04 8.4 0.04 16.8
C-23 0.11 18.8 0.07 12.9 0.05 21.8
(2) Hard plastic 0.02 3.1 1.85 2.6
07) A shell 0.05 1.8 0.06 54 - -
Kitchen |B Non-shell 0.73 70.0 0.30 84.2
waste 1
B Non-shell 0.87 71.5 0.85 79.8
2
B Non-shell 0.45 72.6 0.64 77.2
3
(8) Paper | Paper 1 0.05 16.5 0.07 27.3 13.6
Paper 2 0.02 21.6 0.05 30.6 12.7
Paper 3 0.03 16.1 0.07 25.4 18.4
(9) Fabrics 0.04 4.7 0.08 15.4 30.5
(10) Wood 0.10 42.0 0.16 48.9
11 A Footwear - - 23.1 0.4 1.6
Rubber and|B.Other than 0.58 2.6 18.9 26.8
leather shoes

Chlorine content (wt%) = Anhydrous basis
Moisture (wt%) = Arrival basis




ANALYSIS RESULTS REPORT

Cooking: No.:F1212013-002
Page 2/3
Mayor of Shiraoi Town, Mr. Yasuhiko Toda

Metrology Certification Business Registration No. 628
Hokutan General Services Co., Ltd.
Environmental Center
Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6

Environmental measurement specialist Junichi Hara

Measurement F1212013 Issue date December 25, 2012
Certificate Number
Date of sample receipt | December 11,2012 Sample collector Requester

‘We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name 2012/12/11 Food waste
Date of sample collection - |
Collection conditions [Weather] [Air temperature] -°C [Water temperature] -°C
Collection location Shiraoi Town Biomass Fuel Facility
Analysis items Unit Weighing Results| Lower limit of How to measure
quantification
Total calorific value (water- kl/kg 23500 500 JIS 273022
free basis)
Total calorific value (water- keal/kg 5600 100 JIS Z7302-2
free basis)
Moisture Dry air base wt% 3.6 0.1 JIS Z7302-3
Ash content Waterless basis wt% 114 0.1 JIS 273024
Metallic aluminum, wt% 0.18 0.01 JIS Z.7302-5
waterless base
Total Chlorine Anhydrous wt% 0.49 0.01 JIS Z7302-6
Basis
Total Sulfur, Anhydrous wt% 0.09 0.01 JIS 273027
Basis
Nitrogen on an anhydrous wt% 2.57 0.01 JISZ7302-8
basis
No further entries
Remarks *Conventional units (kcal/kg) and their values are for reference only.




ANALYSIS RESULTS REPORT

Mayor of Shiraoi Town, Mr. Yasuhiko Toda

Registration No.: A1212020-003
Page 2/3

Metrology Certification Business Registration No. 628

Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Measurement A1212020 Issue date December 19, 2012
Certificate Number
Date of sample receipt | December 11, 2012 Sample collector Requester

‘We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name

2012/12/11 Food waste

Date of sample collection

Collection conditions [Weather] [Air temperature] °C [Water temperature] °C
Collection location
Measurement subject Unit Results of Lower limit of How to measure
analysis quantification
Cadmium and its compounds mg/1 0.004 0.001 JIS K 0102 55.41 ICP method
Lead and its compounds mg/l 0.002 0.001 JISK 0102 55.41 ICP method
Hexavalent chromium compounds mg/l 0.057 0.005 JISK 0102 65.2.3 Electrical heating atomic
absorption spectrometry
Arsenic and its compounds mg/l 0.004 0.001 JISK 0102 61.2 Hydride generation atomic
absorption spectrometry
Mercury and alkylmercury and other mg/l Not detected 0.0005 Environment Agency Notification No. 59 of
mercury compounds 1971, Appendix 1 Atomic Absorption
Spectroscopy
Selenium and its compounds mg/l Not detected 0.001 JISK 0102 67.2 Hydrogen compound
generation atomic absorption spectrometry
Fluorine and its compounds mg/l 0.12 0.05 JIS K 0102 34.1 Lanthanide-alizarin
complexone spectrophotometric method
Boron and its compounds mg/l 0.12 0.05 JISK 0102 47.4 ICP-MS method

No further entries

Remarks

*Results displayed as "not detected" in the analysis results column indicate that the amount was below the
lower limit of quantification. The test solution was prepared in accordance with the Environmental Standards
for Soil Contamination (Environmental Notification No. 46, August 1991).




ANALYSIS RESULTS REPORT

Cooking: No.:F1212016-00

Mayor of Shiraoi Town, Mr. Yasuhiko Toda
Metrology Certification Business Registration No. 628

Hokutan General Services Co., Ltd.

Environmental Center

Sapporo City, Shiroishi Ward, Kikusui 9-jo 3-3-6
Environmental measurement specialist Junichi Hara

Measurement F1212016 Issue date December 27, 2012
Certificate Number
Date of sample receipt | December 14, 2012 Sample collector Requester

‘We hereby certify the results of the weighing of the sample you have requested as follows:

Sample name Shiraoi town solid fuel (for December)
Date of sample collection - |
Collection conditions [Weather] [Air temperature] -°C [Water temperature] -°C
Collection location Shiraoi Town Biomass Fuel Facility
Analysis items Unit Weighing Results| Lower limit of How to measure
quantification
Total calorific value (water- kl/kg 24500 500 JIS 273022

free basis)

Total calorific value (water- keal/kg 5800 100 JIS 7 7302-2
free basis)

Moisture Dry air base wt% 4.4 0.1 JIS Z 7302-3

Ash content Waterless basis wt% 6.6 0.1 JIS Z7302-4

Metallic aluminum, wt% 0.38 0.01 JIS Z.7302-5

waterless base

Total Chlorine Anhydrous wt% 0.25 0.01 JIS Z7302-6
Basis

Total Sulfur, Anhydrous wt% 0.04 0.01 JIS 273027
Basis

Nitrogen on an anhydrous wt% 0.67 0.01 JIS Z 7302-8
basis

No further entries

Remarks *Conventional units (kcal/kg) and their values are for reference only.




DIOXIN TESTING

No. H19TB-006
February 5, 2007

Analysis results report

Ecoable Co., Ltd.

Measurement Certification Business Registration No. 622
Environmental Consultant Co., Ltd.

Sampling Ecoable Co., Ltd.
location High-temperature and high-
pressure sterilization and volume
reduction facility

Sample Current dioxins
Testing date December 25, 2006
Sample This company

collector
Weather -

Name of commissioned work : Dioxin inspection during high-temperature high-pressure sterilization
and volume reduction facility pressurization

Environ Sample name Dioxins in reduced pressure
ment
Polychlorinated dibenzofurans TEQ (1998) 0.027
Total (PCDFs) (pg-TEQ/m?)
Polychlorinated dibenzo-paradioxins (PCDDs) TEQ 0.021
g (1998) (pg-TEQ/m 3)
é' Coplanar Polychlorinated Biphenyls 0.0024
&'| Total Coplanar PCB  TEQ (1998) (pg-TEQ/m
3)
Total Dioxins 0.051
Total (PCDFs + PCDDs + Coplanar PCBs TEQ (1998)
(pg-TEQ/m 3)
Sample collection time 11:35~13:35
Remarks‘




DIOXIN ANALYSIS AT GAS TREATMENT EQUIPMENT EXHAUST OUTLET

Analysis results report

Ecoable Co., Ltd.

Measurement Certification Business Registration No. 622
Environmental Consultant Co., Ltd.

Ecoable Co., Ltd.

Sampling
location High-temperature and high-
pressure sterilization and volume
reduction facility
Sample Current dioxins

Testing date

October 13, 2006

Sample

collector

This company

Weather

Name of commissioned work : Dioxin testing in the remains of commercial high-pressure

sterilization and volume reduction facilities

Dioxins in reduced pressure

Environ

Sample name

ment

Polychlorinated dibenzofurans TEQ (1998)
Total (PCDFs) (pg-TEQ/m?)

0

0.000032

Polychlorinated dibenzo-paradioxins (PCDDs) TEQ
(1998) (pg-TEQ/m 3 )

SUIXOoI(J

'| Total Coplanar PCB  TEQ (1998) (pg-TEQ/m

Coplanar Polychlorinated Biphenyls

3)

0.0023

Total Dioxins
Total (PCDFs + PCDDs + Coplanar PCBs TEQ (1998)
(pg-TEQ/m 3)

0.00027

Sample collection time

13:30

Remarksl




EMISSION ANALYSIS RESULTS BY THE HOKKAIDO ENVIRONMENTAL SCIENCE AND
TECHNOLOGY CENTER

Sample Name /0403 1 3 Food retail waste ( Mixed )
Ministry Ordinance Prescribing the Criteria for Determining Industrial Waste Containing Metals, etc.
( Showa February 1973 City Ordinance No. 5 )

May 7, 2004

Analysis Results of analysis Judgment criteria
(reference) - E4
5
Dioxins 0.00046ng * TEQ/g 3ng-TEQ/g or less
Alkyl mercury compounds Not detectable (less than 0.0005 mg/1) Not detected
Mercury or its compounds Less than 0.005mg/1 0.005mg/1
Cadmium and its compounds 0.005 mg/1 0.3 mg/l
Lead or its compounds Less than 0.005mg/1 0.3 mg/l
Organophosphorus compounds Less than 0.1 mg/I Img/1
Hexavalent chromium compounds Less than 0.04 mg/] 1.5mg/l
Arsenic or its compounds 0.009mg/1 0.3mg/1
Cyanide compounds Less than 0.1 mg/I 1 mg/l
PCB Less than 0.00005 mg/I 0.003 mg/1
Trichloroethylene Less than 0.002 mg/1 0.3 mg/l
Tetrachloroethylene Less than 0.020 mg/1 0.1 mg/1
Dichloromethane Less than 0.002mg/1 0.2 mg/l
Carbon tetrachloride Less than 0.002 mg/1 0.02 mg/l
1.2-Dichloroethane Less than 0.0002mg/1 0.04mg/1
1-1-Dichloroethylene Less than 0.002 mg/1 0.2mg/1
cis-1.2-dichloroethylene 0.014 mg/1 0.4mg/1
1.1.1 Trichloroethane Less than 0.0005 mg/I 3 mg/l
1.1.2 Trichloroethane Less than 0.0006 mg/1 0.06 mg/1
1.3-Dichloropropene Less than 0.0002 mg/1 0.02 mg/1
Chiraum Less than 0.001mg/I 0.06mg/1
Shimajin Less than 0.001 mg/I 0.03 mg/I
Thiopencarp Less than 0.002 mg/1 0.2mg/1
Benzene Less than 0.001 mg/I 0.1mg/1
Selenium or its compounds Less than 0.002 mg/1 0.3 mg/l
Water Content 25.2% 85%

*1.Analysis method/Testing method for standards related to specially controlled general waste and
specially controlled industrial waste (Ministry of Health and Welfare Notification No. 192, July

1992)

* 2 .The analysis results are calculated on a dry matter basis.
* 3. Carried out by Toho Kaken Co., Ltd. 1
* 4: Criteria for determining whether or not industrial waste is to be disposed of in landfills




DIOXIN TESTING

No. HI9TB-006
May 7, 2004

Analysis results report
Gaia Clean 22 Co., Ltd.
Hokkaido Environmental Science and Technology Center Foundation
We report on the samples received on March 26, 2004 as follows:

Record
Sample name 040313 Food retail waste (mixed)
Ministerial ordinance prescribing criteria for industrial waste containing metals, etc.
(Prime Minister's Office Ordinance Title, February 1973)

Analysis items Unit Results of analysis

Dioxins ng-TEQ/g or less 0.00046

Judgment criteria for landfill disposal of industrial waste: 3 ng-TEQ/g or less

Analysis method

Law for the Verification of Standards for Specially Controlled Municipal Waste and Specially
Controlled Industrial Waste

Ministry of Health and Welfare Notification No. 192, July 1992

* Analysis results are calculated on a dry matter basis.
-The analysis was carried out by Toho Kaken Co., Ltd.



DIOXIN TESTING

July 22, 2005
Measurement Evaluation Report
Gaia Clean 22 Co., Ltd.
Hokkaido Environmental Science and Technology Center Foundation

1. Measurement results of dioxin toxicity etc. in pressurized steam treatment machine exhaust gas

Sample name Unit Dioxin toxicity equivalent
concentration

Pressurized steam treatment ng-TEQ/m? n 0.00015

machine Exhaust gas

*The toxicity weight of dioxins is calculated by taking the actual measured concentration below the
lower limit of quantification as 0 (zero).

2. Comparison of exhaust gas standards
The result of this exhaust gas measurement was 0.00015 ng-TEQ/m 3

As this facility does not fall under the category of a specific facility as defined by the Law
Concerning Special Equipment for Dioxins, standard oxygen concentration conversion was not
performed. However, for reference, the strictest air emission standard is 0.1 ng-TEQ/m 3 n, and the
value obtained in this experiment was lower than this standard even if oxygen concentration
conversion had been performed.

3. Reference <Regarding standard values>

The emission standards based on the Law Concerning Special Equipment for Dioxins, which came
into force on January 15, 2000, are shown in the table below. (Waste incinerator-related portion)

Types of specific facilities Emission standards for Already, facility emission
new facilities standards

Waste Over 4t/h 0.1ng-TEQ/m 3 n Ing-TEQ/m 3 n

Incinerator

hearth area 2t/h to 4t/h Ing-TEQ/m 3 n 5ng-TEQ/m 3 n

0.5m3 more or

incineration Less than 2t/h S5ng-TEQ/m 3 n 10ng-TEQ/m 3 n

capacity

50kg/h or

Note 1) For waste incinerators, an oxygen concentration correction of 12% will be applied.

Note 2) For facilities to which the Air Pollution Control Law already applies designated substance
control standards for newly constructed facilities, the emission standards for newly constructed
facilities shall apply.

End of presentation



DIOXIN TOXICITY EQUIVALENT
CONCENTRATION TEST

July 22, 2005

Hokkaido Environmental Science and Technology Center Foundation

1. Measurement results of dioxin toxicity etc. in pressurized steam treatment machine exhaust gas

Sample name Unit Dioxin toxicity equivalent
concentration

Pressurized steam treatment ng-TEQ/m? n 0.00015

machine Exhaust gas

*The toxicity weight of dioxins is calculated by taking the actual measured concentration below the
lower limit of quantification as 0 (zero).

2. Comparison of exhaust gas standards
The result of this exhaust gas measurement was 0.00015 ng-TEQ/m 3

As this facility does not fall under the category of a specific facility as defined by the Law
Concerning Special Equipment for Dioxins, standard oxygen concentration conversion was not
performed. However, for reference, the strictest air emission standard is 0.1 ng-TEQ/m 3 n, and the
value obtained in this experiment was lower than this standard even if oxygen concentration
conversion had been performed.

3. Reference <Regarding standard values>
The emission standards based on the Law Concerning Special Equipment for Dioxins, which came
into force on January 15, 2000, are shown in the table below. (Waste incinerator-related portion)

Types of specific facilities Emission standards for Already, facility emission
new facilities standards

Waste Over 4t/h 0.Ing-TEQ/m 3 n Ing-TEQ/m 3 n

Incinerator

hearth area 2t/h to 4t/h Ing-TEQ/m 3 n S5ng-TEQ/m 3 n

0.5m3 more or

incineration Less than 2t/h S5ng-TEQ/m 3 n 10ng-TEQ/m 3 n

capacity

50kg/h or

Note 1) For waste incinerators, an oxygen concentration correction of 12% will be applied.

Note 2) For facilities to which the Air Pollution Control Law already applies designated substance
control standards for newly constructed facilities, the emission standards for newly constructed
facilities shall apply.

End of presentation



COMPOSITION ANALYSIS AND QUANTITATIVE
TESTING OF PRODUCED GAS

Result report

Ecoable Co., Ltd.
We will report the results of our analysis to you promptly.

Sample information

Sample name: Dioxins under reduced pressure

Client name: Environmental Consultant Co., Ltd.

Client's address: 6-15-2 Chuo, Senbai-cho, Kushiro-gun, Hokkaido
Sampling date and time: December 25, 2006, 11:35-13:35.

Date of sample receipt: January 5, 2007

Sample number: A6C135001A

Sample collection location: Kan Eco Able Co., Ltd. High-temperature and high-pressure sterilization
and volume reduction facility

Collected by: Environmental Consultant Co., Ltd.

How to check in: Bring your own

Analysis method

"Environmental standards related to air pollution, water turbidity (including bottom sediment
pollution) and soil pollution caused by dioxins" (Environment Agency Notice No. 68, December
1999)

"Manual for the Atmospheric Environment Survey on Dioxins" (Atmospheric Environment
Division, Dioxin Countermeasures Office, General Affairs Division, Environmental Affairs Bureau,
February 2006)

Results
Dioxins (PCDDs+PCDFs+Co-PCBs)

Target result consideration
Dioxins measured: 3.0pg/m 3
Toxicity equivalent 0.051 pg-TEQ/ m 3 Note 1

Note 1) The toxicity equivalency factor was determined using WHO-TEF (1998). The toxicity
equivalent was calculated by setting the actual measured concentration at the lower limit of
quantification as 0 (zero).



MEASUREMENT RESULTS TABLE

Measurement substance name Measurement
Results
Ammonia 9.0
Trimethylamine 0.079
Hydrogen sulfide 0.010
Methyl mercaptan 1.41
Methyl sulfide 0.107
Methyl disulfide 0.006
Acetaldehyde 2.72
Propionaldehyde 0.45
Isogethylaldehyde 0.25
n-Butyl aldehyde 0.11
Isovaleraldehyde 0.233
Normal Valeraldehyde 0.06
Ethyl acetate 12.0
Isobutanol 15.4
Methyl isobutyl ketone Less than 0.1
Toluene 8.0
Xylene 0.3
Styrene 0.1
Propionic Acid 0.009
Normal butyric acid 0.006
Valeric acid Less than 0.001
Normal valeric acid Less than
0.0009
Benzene 67.2

Unit: ppm




The world's only state-of-the-art
subcritical water reactor converts all
organic waste, including medical
waste, into effective renewable energy.

Subcritical Materials Co., Ltd.
http://arinkai.jp/



The overwhelming superiority of the SC system
- Small installation area

- The initial investment required to process 50 tons
of waste per day is less than 1/4 of the cost of
Installing an incinerator

- Processing time is short, within 2 to 3 hours (7
batches per day; 15 batches are possible for
ethanol and methane gas raw materials)

- Management can be done by a single boiler
engineer

- No installation permit or consent from neighbors
required (only notification required)

- No final disposal required (residues can be
reused as fuel, fertilizer, feed, or recycled)



Comparison of technological advantages with other companies

1. An overwhelming number of operational achievements and patents owned,
including overseas

1) Number of plants installed: Overwhelmingly more than any other company (more
than 38 plants in Japan)

2) Operating time: 16 years for medical waste, 11 years for urban waste (as
confirmed by this company)

2. Large reaction vessels with working examples and patents can be installed
according to the application.

Capacity: 3m3, 5m3, 10m3, 12m3 (other companies: 2m3 to 6m3)

3. Wide range of processing capabilities

Subcritical water treatment temperature is higher than other companies (230°C
3MPa, Max 250°C, other 200°C 2MPa)

Efficiently treats difficult-to-decompose materials such as polyvinyl chloride resin and
FRP

4. Subcritical water treatment time is short and the treated material can be dried into
powder

The unique processing and drying method allows the material to be dried and
powdered in a short time, resulting in a large reduction in weight.

Other companies' devices dry and powder the waste by adding auxiliary materials
(sawdust, etc.), so there is no effect on reducing the weight of the waste. However,
"the SCM system decomposes the waste, dries it in a container, reduces its volume,
and turns it into a completely sterilized powdered fuel."

5. Zero-emission, environmentally friendly recycling process

The unique high-temperature steam injection treatment method allows for short-time
treatment and drying, so little steam is used. The condensate and drain water from
the exhaust steam are reused as boiler water after waste liquid treatment, the
treated materials are reused as feed, fertilizer, and fuel, and solids and metals can
also be completely reused.

(If the treated material is used as boiler fuel, it is carbon neutral and CO2 emissions
are not counted, making it possible to support carbon pricing.)



Characteristics of subcritical water hydrolysis
- No dioxins are produced because it is not incinerated
- CO2 emissions are 1/8 of those produced by incineration (the machine itself does
not emit CO2)
- Hydrolysis using subcritical water instead of pyrolysis by incineration
- Meets the WHO definition of sterilization (1 in 160,000) and sterilizes to less than 1
in 1 million
- No need to separate garbage. Discharged residue can be effectively used as fuel,
fertilizer, feed, recycled, etc.



Main equipment

The above photo shows the main body of the high-temperature, high-pressure
processing machine, which is the core of the high-temperature, high-pressure
processing process.

Fuel pellet calorific value: 37100kJ/kg

Context:
o Typical wood pellets: ~16—19 MJ/kg
e Coal (bituminous): ~24-30 MJ/kg
e Diesel: ~45 MJ/kg
« Biochar: ~20-25 MJ/kg (varies a lot)
So at 37.1 MJ/kg, these fuel pellets are:
e Much higher than wood
« Similar to high-quality coal
« Less than diesel, but still excellent
« Ideal for high-temperature industrial processes, like
SCW.



Subcritical water treatment system flow diagram

Condenser

Organic waste Subcritical water Deodorizing Equipment
Processing Equipment Exhaust

Exhaust

Saturated heated steam

Stirrer

Motor Drainage Microgel

Spray equipment

Boiler
Reaction Products
Recycled fuel

Drainage
Recycled water
Metal
Hard Rubber
Sorting Equipment Glass etc.
Drainage

Water treatment equipment

- Exhaust gas is chemically treated so it has no effect on the outside
world.

- No wastewater is discharged due to proper steam and wastewater
treatment.

- After subcritical water treatment, the material is dried in a short time
using heated steam.

- Since there is no incineration process, dioxins are not generated.

- Metal, glass, hard rubber, etc. are 99% recyclable. 98% of plastics can
be recycled into fuel.



1.Waste Reception &
Preprocessing

Truck reception
Shredding & tumbling
Hopper and loading
conveyors

2. Reactor System
Reactors (x3
assumed)

Heated water input
Discharge of
processed material
Gas separation or
venting (if applicable)

3. Biochar Sorting &
Refining

Metal separation
Inorganics removal
Biochar cooling
Pelletization

4 Water Circulation &
Recycling

Hot water collection
from reactors

Cooling & filtration
Chemical treatment
(neutralization, etc.)
Reuse into reactor
input

5. Boiler System
(Electric)

Electric boiler(s)
Thermal energy supply
loop

6. Emissions &
Scrubbing (if
required)

Flue gas treatment
Optional odor/gas
scrubbers

Safe atmospheric
release

7. Final Product
Handling

Biochar coal storage
Product ready for sale
(eg, Huntly or other
clients)

®

Biochar

®




Input
1. Saturated steam (for preheating) is introduced into the jacket.
2. Feedstock (generally municipal solid waste) is loaded into the vessel.
Heating & Pressurizing
1. Saturated steam is introduced into the pressure vessel.
2. The agitator rotates to stir and knead the material while promoting hydrothermal
decomposition (reforming).

Pressure Reduction & Drying)
1. Pressure is released from the vessel, and steam is vented. The vented steam is processed in
a condensate recovery system.
2. Residual gas is treated with an odor control device.
3. As steam is released and drying progresses, moisture content drops, and the material
becomes a powder.
Discharge
1. The agitator rotation causes the material to be discharged automatically.
2. Foreign objects near the discharge port are removed using a screen or mesh.



Use of high-temperature, high-pressure processed materials as fuel
Results of the medical waste disposal inspection

Pre-treatment E. coli test results Post-
treatment E. coli test results

Processing materials, including viruses, can be completely sterilized

Tested at the Hokkaido Pharmaceutical Association Public Health
Testing Center



Decomposition state of polypropylene under subcritical
conditions

Room temperature 160°C 190°C 220°C

Decomposition of polyethylene and polypropylene
Polymer > Oligomer > Monomer (partial)
Decomposition of vinyl chloride
Polymer —> Dechlorination —>
Polymerization
What happens inside the reaction vessel?
Melting of plastics, dissolution in water, hydrolysis, oxidation



Total calorific value of fuel produced by subcritical water
treatment of organic waste

Super waste Medical waste Shiraoi Town Shari Town General waste



Principles and applications of subcritical water treatment technology
(comparison with other companies' equipment)

The SC system processes efficiently at 230-250°C.

Liquid .

Biomass Supercritical water
(organic matter)
Critical Pressureast hydrolysis

(edIn) @anssaid

Carbonization/Gasification

Critical point
Solids
Hot water extraction
(10.20 atm)
Gas
Triple Point Pressure . .
(0.0006) Triple point
Triple point temperatqegnperature at 1 atmosphere e ature (C
(0.01) (100) Crntlcal(tgzp))a'ﬁéﬁﬂ%" (c)

Subcritical Water Technology

Utilizes subcritical water below the critical point (a temperature of 100-200°C and a
pressure of 10-20 atmospheres, which is easy to handle as a guideline for
commercialization). Various types of biomass (organic matter) are hydrolyzed in a

short time and uniformly mixed using a horizontal shaft mixer, enabling stable and
low-cost resource recycling.

Biomass
Recycling of waste (example)

1. Rapid hydrolysis of municipal waste (raw material for composting and dry
methane fermentation)

2. Producing amino acids from fish waste protein (liquid fertilizer and animal feed)
3. Roughage production from wood (by-product: fulvic acid production)



Processing system capacity

Unit Number

1 | Operating time Time 24

2 | Operating time for one batch Time 2-3 Ethanol raw material
and methane
gasification takes 1-1.5
hours

3 | Can body capacity m3 10

4 | Processing volume per batch m3 8

5 | Number of batches per day Batch 7 Ethanol methane
gasification: 15
batches/day

6 | Bulk density of treated material 0.3

7 | Processing per day m3/day 56 The amount of waste to

8 ton/day 17 be processed varies
depending on the type
(specific gravity) of
waste.

9 | 1ot of residue per day ton/day 9

Up to six systems are required to treat 100 tons of waste per day, but if multiple systems are installed,
the boiler, deodorizing equipment, and post-treatment equipment can be shared, reducing installation
costs and the space required.




SC system: Example of one unit installed in a hospital (10m3)



Major delivery records of subcritical processing equipment
2001 Rumoi City, Kodaira City Nishimura Industrial Sewage Sludge Fuel
Conversion Old Model 5m3, 2 Units
2002 Otaru City Supermarket Shiga Supermarket Residual Feed and Fertilizer New
5m3, 3m3 4 units each
2003 Mikasa City Muto Pharmaceutical Wholesaler Medical waste fuel conversion

New type 3m3 1 unit

2003 Kushiro City Eco Able (hospital organization) New medical waste fuel

conversion system 5m3 2 units

2004 Shaseicho Hokuto Industrial Medical waste fuel conversion  New type

5m3 1 unit

2005 Hiroshima Prefecture Kurehiyo Co., Ltd. Medical waste fuel conversion
new type 5m3 2 units

2006 Eniwa City Ministry of Agriculture, Forestry and Fisheries Animal Quarantine
Station Animal Residue Safe Sterilization/Volume Reduction New Model 5m3

1 unit
2006 Akita Prefecture Olympus Industrial Subsidiary Medical Waste to Fuel

New Model 10m3 5 Units
2008 Shiraoi Town Shiraoi Town Recycling Center Ikuichi Refuse to Fuel New
Model 12m3 3 units
2009 Shari Town Shari Town Yumearu Municipal Waste to Fuel = New Model
12m3 2 units

2012 Otaru City Super Shiga  Super Residual Fuel New Model 10m3 1
unit

2019 Kushiro City Fuso Co., Ltd. Pacific Group Waste feed and fertilizer
production New type 10m3 1 unit

2020 Mikasa City Yuko Shoji Co., Ltd. New 10m3 1 unit

In addition, three 3.5m3 experimental devices and three 10m3 reaction vessels were
supplied for major beverage manufacturers and five other companies.



Code Name Specification Summary (Simplified) Qty Voltage || Power
(V) (kW)
) High Pressure 10L internal, max 30 kg/cm?, temp range
R-1 Reaction Tank ~250°C, electric heater 1 |200 7.44
OT-1 |loil Tank Capacﬂy. 1250 X 1250 x 1500H, electric 1
heater, circulation system
SB-1 |ISteam Boiler C_apacny 2000 kg/h, pressure 1.5 MPa, fuel 1 200 15.1
oil burner, blower, pump system
IMS-1 |[Mixer ||With agitator, capacity: 70 L/min 11 ][100 015 |
|RE-1 ||Soft Water Supply ||Ion exchange resin tower system “1 “200 ||O.13 |
?ET' Salt Water Tank  ||Capacity 750L, 910H, heater included 1 |200 0.02
|DO—1 ||Flue Gas Absorber ||Tower system, circulation pump ||1 ||200 ||0.01 |
|SH-1 |[High Pressure Pump||Up to 300 kg, discharge 2000 L/h 1| | |
IGF-1 ||Glass Filter |[SUS filter with pressure outlet 100A | | |
HE-1 lcondenser Co_ollng water flow 470 L/min, SUS cooling 1
coils
[EF-1 |[Exhaust Fan |[Capacity 300¢ x 1500L/min x 0.05 MPa 1 ][200 5.5 |
|HG-1 ||Heat Exchanger ||Plate-type, 1500 L/h, double pipe cooling ||1 || || |
|DD-2 ||Condensate Tank ||Capacity 3500 L, pressure 0.5 MPa ||1 || || |
ICT-1 |[Cooling Tower [Cooling range: 37°C — 32°C 1 ]l200 2.5 |
; ; - — ; 5
GT-1 ||Glycol Tank Circulation flow: 5 L/min, insulation 98% or 1
more
e ] Voltage || Power
Code Name Specifications i Phase V) (kW)
. PVC-resistant, 2.0m dia, 700W x 1500L x 2000H, with external
DT-1 | /Adjustment Tank |ls resistance, manhole, vent, etc. 1_
o7-2 |[brain Tank PVC-resistant, 1.5m dia, 700W x 1200L x 2000H, same [ ]
features as above L
DP-1 ||Drainage Pump gg;/rli)];l;i 1SEtJrr? corrosion-resistant hot water type, 40¢ x 32¢ x 1 s 200 0.75
DP-2 ||Drainage Pump I:g(r)zli)rl';;,XS1USSmcorrosion-resistant hot water type, 40¢ x 32¢ x 1_ 3 200 0.75
?DP- gooling Water Coiled.pump, 66@ x 50 x 470&/min x 20m, with anti-leakage > |3 200 3.7
ump operation ]
WP-1 gﬂfnp;y Water Cross-flow pressurized water supply, 40¢ x 100¢/min x 50m 1 3 200 1.1x%x2
DE-1 \L,Jvr?iter Purification| . iqation system filter tank, capacity 10m¥/day, 5.0 x 5.0 x 25H |1 |3 ||200
Pump inside (3¢ x 200V x 1.5kW x 4), with AC200V control and |
monitoring system ]
MS-1 I\S/Iagnetic With v_ibration feeder, steel & stainless integration, 1000kg/h 1— 3 200 20
eparator capacity .
GS-1 Specific Gravity Wir]d & vibration type, 1700L x 1560W, max 160m?3h, 960rpm, 1_ 3 200 20
Sorter spring-mounted L
|TM-1 ||Conveyor ||For solid waste input ||3 ||200 || |
|TM-2 ||Conveyor ||For sorted waste discharge ||3 ||200 || |
[TM-3 |[Conveyor |[For solid fuel tank input 1 ]3  ][200 I |
|— ||Structure ||Stee| stairs, handrail, and accessories || || || |




Detoxification of PFAS Using Subcritical Water
Decomposition of Environmentally Persistent Perfluorooctanesulfonate
(PFOS)
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Hisao Hori

h-hori@aist.go.jp

Head of the Unregulated Substances Research Group, Environmental Management Technology
Department (Tsukuba Center)

In 1993, he joined the National Institute for Resources and Environment, which is part of the
Agency of Industrial Science and Technology. From 1997 to 1998, he was a visiting researcher at
the Max Planck Institute, and in 2001, he became a senior researcher in the Environmental
Management Technology Department at AIST, following its transition to an independent
administrative institution. Since May 2004, he has held his current position. He has worked on
decomposing environmentally harmful substances using low-energy methods (such as
photocatalysis) and converting them into value-added materials. Currently, he is focused on the
decomposition and detoxification of organic fluorine compounds like PFOS and PFOA, whose
risks have recently become apparent, using photocatalysis, subcritical water*, and other
methods. He is also involved in elucidating their reactivity to understand environmental behavior,
as well as generating hydrogen from glycerin waste.

* Subcritical water is water that is heated to high temperatures but kept under pressure so it remains in a liquid state.

Perfluorooctanesulfonate (PFOS) and related chemicals have been widely used as
surface treatment agents, emulsifiers, and similar applications. Due to their high
stability, they persist in the environment and accumulate in living organisms. PFOS
is particularly concerning because of its tendency to bioaccumulate, and
continuous exposure raises concerns about its potential toxicity.

We discovered that PFOS and related substances can be effectively decomposed
into fluoride ions when iron powder is added to their agueous solutions in
subcritical water conditions. Moving forward, we aim to apply this method to
wastewater treatment and fluorine resource recycling.

Organic Fluorine Compounds 'PFOS'

Organic fluorine compounds, composed of
carbon and fluorine atoms, possess exceptional
properties such as high heat resistance,
chemical resistance, the ability to foam in
organic solvents, and minimal light absorption—
characteristics that cannot be achieved by other
substances. As a result, they have been used in
various industries. Although these compounds
are not used in large quantities, their extreme
chemical and thermal stability often results in their persistence in the environment.

Figure 1: Chemical Structure of PFOS



PFOS (an abbreviation for Perfluorooctanesulfonate) is referred to as
'Perfluorooctanesulfonic acid' in Japanese, but strictly speaking, it refers to the
anion of Perfluorooctanesulfonic acid (C8F17SO3H), which is C8F17S0O3- (Figure
1). PFOS and related substances have been used in water repellents, surface
treatment agents, anti-fouling agents, fire-

fighting foams, and coatings. However, due to High  subcritical water

their global environmental persistence and (liquid) Subritial
bioaccumulation, in April 2002, the U.S.

Environmental Protection Agency (EPA) imposed .. .

regulations limiting their use. In November of the Water (Liquid) ~ Critieal point
same year, the Organisation for Economic Co- (0.AmPa)

operation and Development (OECD) published Low Water Vapor (Gas)
the results of a risk assessment. In December, Low

PFOS was also designated in Japan under the Temperature

'‘Chemical Substances Control Law' (presently
categorized as a Type Il Monitoring Chemical). In
June 2005, at the Conference of the Parties to the Stockholm Convention on
Persistent Organic Pollutants (POPSs), it was proposed that PFOS be added to the
list of regulated substances, marking the beginning of international regulatory
efforts.

Figure 2: Water State Diagram

To prevent harmful chemicals from adversely affecting the environment and living
organisms, they must be used appropriately to avoid leakage into the environment,
and the resulting waste must be detoxified. However, PFOS is highly stable (the
carbon-fluorine bond is one of the strongest covalent bonds formed by carbon),
and incinerating it requires an enormous amount of energy. Additionally, the
hydrofluoric acid gas produced during incineration can damage the walls of
incinerators. Therefore, the development of a low-cost and effective method for
decomposing and detoxifying PFOS has been highly desired.

PFOS and related substances are often found in water (such as wastewater) due
to their various applications. If they can be decomposed into fluoride ions (F-), they
can be converted into environmentally harmless calcium fluoride (CaF2, fluorite)
through existing wastewater treatment processes. Calcium fluoride can also be
recycled, as it can be processed into hydrofluoric acid, an important industrial
material.

Characteristics of Subcritical Water

We discovered that when iron powder is added to water containing PFOS and
placed in subcritical water conditions, it can be decomposed into fluoride ions. As is
well known, when water at room temperature and atmospheric pressure (0.1 MPa)
is heated, it boils at 100°C and turns into gas (water vapor) (Figure 2). When
heated under higher pressure, the boiling temperature increases. At a pressure of



22.1 MPa, water boils at 374°C, but if the pressure is increased further, the boiling
phenomenon no longer occurs.

The pressure at which boiling ceases to occur (22.1 MPa) and the corresponding
boiling temperature (374°C) are referred to as the critical point. Water that is at a
temperature and pressure beyond the critical point is called supercritical water,
while water in the high-temperature, high-pressure region just below the critical
point is called subcritical water. Both subcritical and supercritical water possess
unique properties not found in ordinary water, such as the ability to dissolve non-
polar organic compounds and hydrolyze organic compounds.

PFOS Concentration in Water

Processing Time (h)

Figure 3: Pressure Vessel Figure 4: Changes in PFOS
for PFOS Decomposition Concentration During Treatment

PFOS Decomposition Method

The outline of the decomposition method we developed is as follows. First, PFOS-
dissolved water (10 mL, PFOS concentration of 46—186 ppm) and iron powder
(0.54 g) or other metal powders were placed in a stainless steel pressure vessel
(internal volume of 34.3 mL) (Figure 3) in an argon gas atmosphere and subjected
to subcritical water conditions at 250—-350°C. After a certain period, the system was
returned to room temperature, and component analysis was performed. For
comparison, experiments were also conducted without the addition of metal
powder, but the PFOS concentration in the water decreased only slightly (see
table).

The results showed that PFOS decomposed most rapidly when iron powder was
added. For example, when the initial PFOS concentration was 186 ppm, the
reaction temperature was 350°C, and the pressure was 23.3 MPa, PFOS
disappeared from the water within 6 hours, and fluoride ions were efficiently
generated in the water simultaneously (Figure 4). The decomposition of PFOS is
believed to occur on the surface of the iron. Although after 6 hours, organic fluorine
compounds, either PFOS or its intermediate reaction products, were still detected
on the surface of the iron, extending the treatment time resulted in the complete
decomposition of PFOS into fluoride ions on the iron surface.

F Concentration in Water



Using this method, it was also possible to decompose Metal PFOS Residual Rate in
. o 8 Water After Reaction (%)
PFOS contained in surface treatment agents used in the None 903
electronics industry, as well as related compounds with Copper 84.7
carbon numbers 2 to 6 (perfluoroalkyl sulfonic acids). IZinC 2%-1
ron

Reaction conditions: Initial PFOS
concentration 186 ppm, metal quantity
9.60 mmol, 350°C, 6 hours
Table: Effect of Metals on PFOS
Decomposition
Future Developments
Through this research, we have developed a reaction system that effectively
decomposes PFOS and related substances, for which there was previously no
suitable decomposition method, into fluoride ions. Going forward, we aim to
commercialize this system and expand its application to new organic fluorine
materials, whose use is expected to increase. This will not only reduce the
environmental risks posed by organic fluorine compounds but also contribute to the
recycling of fluorine resources, which are becoming increasingly precious due to
rising global demand.









Subcritical Water (SCW) System
Verified Installation & Laboratory Performance Documentation
Official English Translation of Japanese Laboratory Reports

Document Purpose

This document presents a complete English translation of certified Japanese laboratory
reports and installation drawings relating to an operational Subcritical Water (SCW) waste
processing system deployed in Japan.

The attached materials demonstrate:
e Compact facility installation layout
e Solid product (fuel/char) laboratory analysis
o Treated process water laboratory analysis
o Independent testing conducted by a licensed Japanese environmental measurement
laboratory
The original Japanese documents are included in full for transparency and reference.

Origin of Documents

Testing was performed by:

Hokutan General Service Co., Ltd.

Measurement Certification Business Registration No. 628

Environmental Center — Hokkaido, Japan

All laboratory analyses were conducted in accordance with applicable JIS (Japanese
Industrial Standards) testing methods.

Reports were issued in 2013 in relation to the Shiraoi Town Biomass Fuel Production
Facility

Summary of Verified Results

Solid Product (Fuel/Char):
e Gross Calorific Value: 22,000 kJ/kg (5,300 kcal/kg)
e Moisture: 3.5%
e Ash:83%
e Total Chlorine: 0.23 wt%
o Total Sulfur: 0.04 wt%
o Total Nitrogen: 0.50 wt%

Treated Process Water:
e pH:7.7
BOD: 9.0 mg/L
Suspended Solids: Not Detected
Heavy Metals: Within detection limits
VOCs: Not detected within laboratory limits
Full analytical tables are provided in subsequent pages.



Technical Clarification

The system described operates under Subcritical Water conditions (below 374°C / 22 MPa)
and produces a solid carbon-rich product.

It is distinct from Supercritical Water Gasification, which is designed to maximise gaseous
output (hydrogen or syngas).

A technical comparison summary is included within this document.

Translation Statement

This document is a direct English translation of original Japanese laboratory reports and
facility drawings.

Technical terminology and JIS testing references have been preserved for accuracy.
Original Japanese source documents are attached for verification.

Prepared by:

Rodney Hellyer
Japanese Solutions Ltd
Auckland, New Zealand



Full English Translation — Installation Layout
Drawing

Original Document Title:
Waste Treatment Facility SPP-5 (Scale 1:200)

Drawing Description:

The drawing illustrates a compact enclosed waste treatment installation layout including reactor
vessel, material feed system, discharge area, control area, and associated equipment within a
standard industrial building footprint.

Key Features ldentified on Drawing:

Component Description

Reactor Area Primary subcritical water reaction vessel installation
Feed System Material intake and conveyor/auger system
Discharge Area Char/product removal area

Control Panel Operational monitoring and control station

Building Envelope | Enclosed industrial structure

Scale 1:200

The layout confirms a compact installation suitable for integration within existing industrial or waste
facility zoning without requirement for combustion stack infrastructure.



Full English Translation — Laboratory Analysis

Report

Report Type:

Analysis Results Report (Pages 1-5 translated summary)

Solid Product (Fuel/Char) Analysis:

.. [Resul Test

Parameter Unit t Standard

Gross Calorific kJ/kg 22,00 JIS Z 7302-2

Value 0

Gross Calorific | a1/kg5,300 WIS Z 7302-2

Value

Moisture wt% (3.5 (IS Z7302-3

Ash Content wt% (8.3 (IS Z7302-4

Metallic Aluminium wt% [0.56 [JIS Z 7302-5

Total Chlorine wt% [0.23 (IS Z7302-6

Total Sulfur wt% [0.04 (IS Z7302-7

Total Nitrogen wt% |0.50 (IS Z7302-8

Treated Wastewater Analysis:

Parameter Unit |Result Method

pH — 7.7 JIS K0102

Biochemical Oxygen Demand

(BOD) mg/L[9.0 JISK0102 21

Suspended Solids mg/L [Not Detected JIS K0102

Phenols mg/L|0.03 JIS K0102

Copper mg/L|0.06 ICP Spectrometry

Zinc mg/L|0.69 ICP Spectrometry

Total Nitrogen mg/L {180 UV Absorption Method
Molybdenum Blue

Total Phosphorus mg/L|0.13 Method

Dioxins ng/L Extremely Low JIS method

(trace)

Note: Many volatile organic compounds and chlorinated compounds were reported
as Not Detected within laboratory detection limits. Testing performed by licensed

Japanese environmental laboratory.




Subcritical Water (SCW) System

Installation and Verified Performance Summary

Purpose:

This document summarises verified technical data from operational Subcritical Water (SCW)
facilities in Japan, including installation footprint, solid product laboratory analysis, and treated
wastewater laboratory analysis.

Installation Footprint:

The system is designed for enclosed processing within a standard industrial building footprint. The
example layout demonstrates a compact installation without combustion stack and with moderate
land requirements, suitable for co-location within existing waste infrastructure zones.

Solid Product (Char) — Laboratory Analysis:

Parameter Result

Gross Calorific Value | 22,000 kJ/kg (5,300 kcal/kg)
Moisture 3.5%

Ash 8.3%

Chlorine 0.23%

Sulfur 0.04%

Nitrogen 0.50%

Treated Wastewater — Laboratory Analysis:

Parameter Result

pH 7.7

BOD 9.0 mg/L

Suspended Solids | Not detected

Heavy Metals Low / within detection limits
Dioxins Trace / extremely low

Summary: The attached documentation demonstrates compact enclosed facility deployment,
production of a quantified solid fuel product, and treated process water with contaminant levels
measured in accordance with Japanese Industrial Standards (JIS).



Technical Clarification Addendum

Subcritical Water vs Supercritical Water Gasification

Temperature & Pressure Regime:

Subcritical Water (SCW) operates below the supercritical point of water (374°C / 22 MPa) and
produces a solid carbon-rich product. Supercritical Water Gasification (SCWG) operates above the
supercritical point and is designed to maximise hydrogen or methane gas production.

Feature Subcritical SCW Supercritical Gasification
Primary Output Solid char Combustible gas

Operating Regime | Subcritical Supercritical

Reactor Conditions | Below 374°C /22 MPa Above 374°C / 22 MPa
Typical Application | Waste stabilisation & carbon product | Hydrogen / syngas production




Translation of the original Japanese document has been carried out by Rodney Hellyer of Japanese Solutions
LTD +6421855358 rodney@japanesesolutions.co.nz

Analysis Results Report
Control No.: F1303008-001
Page: 2 of 6
Mayor of Shiraoi Town Yasuhiko Toda
Measurement Certification Business Registration No. 628
Hokutan General Service Co., Ltd.
Environmental Center
059-1366 - 1-3-3 Akebono-cho, Tomakomai City
TEL: 0144-55-1171 FAX: 0144-55-1173
Head Office: 9-3-3-6 Kikusui, Shiroishi-ku, Sapporo
Environmental Measurement Engineer: Junichi Hara [Stamped]
Report No.: F1303008 Date of Issue: April 12, 2013 (Heisei 25)
Date Sample Received: March 1, 2013 Sample Collected By: Client
Statement:
We hereby report the results of the analysis of the sample submitted by you as follows.
Samp.l ne Weather— Air Temperature °C Water Temperature °C
Conditions
Sampling Shadai / Koito Area / Takeura
Location District
Analysis Item Total Chlorine Dry Basis — °C Unit: wt%
Analysis Method |JIS Z 7302-6 Quantification 1, )
Limit:
No. |Sample Name Ic)ziectlon Result (wt%)
1. |Soft Plastic A) Poly Bags — 0.47
1. |Soft Plastic B) Packaging Bags — 0.84
1. |Soft Plastic C) Other 1 — 0.08
1. |Soft Plastic C) Other 2 — 0.04
2. |Hard Plastic — 1.85
7. [Kitchen Waste A) Shells — 0.06
7.  |Kitchen Waste B) All Except Shells — 0.60
Paper (Magazines, Newspapers (including flyers), Paper Cartons, Paper
8. . — 0.06
Packaging, Cardboard)
9. |Textiles — 0.08
10. |Wood — 0.16
11. |[Rubber / Leather A) Footwear — 23.1
11. [Rubber / Leather B) All Except Footwear — 18.9
- No further entries-

Remarks
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Translation of the original Japanese document has been carried out by Rodney Hellyer of Japanese Solutions
LTD +6421855358 rodney@japanesesolutions.co.nz

Analysis Results Report
Control No.: F1303008-001
Page: 3 of 6
Mayor of Shiraoi Town Yasuhiko Toda
Measurement Certification Business Registration No. 628
Hokutan General Service Co., Ltd.
Environmental Center
059-1366 - 1-3-3 Akebono-cho, Tomakomai City
TEL: 0144-55-1171 FAX: 0144-55-1173
Head Office: 9-3-3-6 Kikusui, Shiroishi-ku, Sapporo
Environmental Measurement Engineer: Junichi Hara [Stamped]
Report No.: F1303008 Date of Issue: April 12, 2013 (Heisei 25)
Date Sample Received: March 1, 2013 Sample Collected By: Client
Statement:
We hereby report the results of the analysis of the sample submitted by you as follows.
Samp'l ne Weather— Air Temperature °C Water Temperature °C
Conditions
Sampling Shadai / Koito Area / Takeura
Location District
Analysis Item  |Total Chlorine Dry Basis — °C Unit: wt%
Analysis Method [JIS Z 7302-6 Quantification 1
Limit:
No. |Sample Name lS)aaItrép le Collection i:f;/l(} )t
1. |Soft Plastic A) Poly Bags — 0.38
1. |Soft Plastic B) Packaging Bags — 0.63
1. |Soft Plastic C) Other 1 — 0.11
1. |Soft Plastic C) Other 2 — 0.05
2. [Hard Plastic — 5.00
7.  |Kitchen Waste B) All Except Shells — 0.99
3 Paper (Mangines, Newspapers (including flyers), Paper Packs, | 0.10
Paper Containers & Packaging, Cardboard)
9. |Textiles — 0.25
10. |Wood — 0.17
11. [Rubber / Leather A) Footwear — 22.3
11. [Rubber / Leather B) All Except Footwear — 33.1
- No further entries-
Remarks
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Translation of the original Japanese document has been carried out by Rodney Hellyer of Japanese Solutions
LTD +6421855358 rodney@japanesesolutions.co.nz

Analysis Results Report

Control No.: F1303008-001

Mayor of Shiraoi Town Yasuhiko Toda
Measurement Certification Business Registration No. 628
Hokutan General Service Co., Ltd.

Environmental Center

059-1366 - 1-3-3 Akebono-cho, Tomakomai City
TEL: 0144-55-1171 FAX: 0144-55-1173

Head Office: 9-3-3-6 Kikusui, Shiroishi-ku, Sapporo

Environmental Measurement Engineer: Junichi Hara [Stamped]
Report No.: F1301010 Date of Issue: April 19, 2013 (Heisei 25)
Date Sample Received: April 19, 2013 Sample Collected By: Client
Statement:
We hereby report the results of the analysis of the sample submitted by you as follows.
Sample Name Shiraoi Town.Solid Fuel
(January Portion)
Samp.l ne ‘Weather— Air Temperature °C Water Temperature °C
Conditions
Sampling Shiraoi Town Biomass Fuel
Location Production Facility
Analysis Item Total Chlorine Dry Basis — °C Unit: wt%
Analysis Method [JIS Z 7302-6 Quantification 1, )
Limit:
Analysis Item Basis Unit Result |Quantification Limit  |Analysis Method
Gross Calorific Value |Dry Basis kJ/kg  |22,000 |{500 JIS Z 7302-2
Gross Calorific Value |Dry Basis kcal’kg (5,300 100 JIS Z 7302-2
Moisture Content As-Received Basis (wt% 3.5 0.1 JIS Z 7302-3
Ash Content Dry Basis wt% 8.3 0.1 JIS Z 7302-4
Metallic Aluminium  |Dry Basis wt% 0.56  |0.01 JIS Z 7302-5
Total Chlorine Dry Basis wt%o 0.23  ]0.01 JIS Z 7302-6
Total Sulfur Dry Basis wt% 0.04 |0.01 JIS Z 7302-7
Total Nitrogen Dry Basis wt% 0.50 |0.01 JIS Z 7302-8
- No further entries-
Note: The conventional unit (kcal/kg) and its numerical value are provided for
Remarks
reference only.
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Translation of the original Japanese document has been carried out by Rodney Hellyer of Japanese Solutions
LTD +6421855358 rodney@japanesesolutions.co.nz

Measurement Certificate

Control No.: W1302048-001

Page: 1 of 2
Mayor of Shiraoi Town Yasuhiko Toda
Measurement Certification Business Registration No. 628
Hokutan General Service Co., Ltd.
Environmental Center
059-1366 - 1-3-3 Akebono-cho, Tomakomai City
TEL: 0144-55-1171 FAX: 0144-55-1173
Head Office: 9-3-3-6 Kikusui, Shiroishi-ku, Sapporo
Environmental Measurement Engineer: Junichi Hara [Stamped]
Report No.: W1302048 Date of Issue: February 26, 2013 (Heisei 25)
Date Sample Received: February 18, 2013 Sample Collected By: Hokutan General Service
Co., Ltd. Mr. Nishio

Statement: We hereby report the results of the analysis of the sample submitted by you as
follows.

Sample Name  |Treated Water
Collection Date |[February 18, 2013 9:32am
Sampling . o Water Temperature
Conditions Weather Snow Air Temperature -3.0 °C 19.2°C
Sampling Shiraoi Town Biomass Fuel Production Facility — Inside the
Location Wastewater Treatment Building
Analysis Item Basis |[Unit ResultQuantification Limit
Hydrogen lon Concentration (pH) | —  |7.7 0.1 (JISK 0102 12.1 Glass Electrode Method
Biochemical Oxygen Demand JIS K 0102 21; JIS K 0102 32.3 (Iodometric
(BOD) mg/L 9.0 0.5 Method)

. Not Environmental Agency Notice No. 59 (1971)
Suspended Solids (SS) me/L Detected ! — Filtration Method

Not Environmental Agency Notice No. 64 (1974)

n-Hexane Extractable Substances |mg/L Detected 05 |” Extraction / Gravimetric
n-Hexane Extractable Substances o/l Not 0.5 JIS K 0102 Appendix (Reference) —
(Mineral Oil) & IDetected |- Supplementary Extraction / Gravimetric
n-Hexane Extractable Substances o/l Not 0.5 JIS K 0102 Appendix (Reference) —
(Animal/Vegetable Oils) & IDetected |- Supplementary Extraction / Gravimetric

JIS K 0102 28.1.4 4-Aminoantipyrine

Phenols me/L 10.03 0.01 Spectrophotometric Method

Copper mg/L |0.06 0.04 JISK 0102 52.4 ICP Emission Spectrometry

Zinc mg/L |0.69 0.04 JIS K 0102 53.3 ICP Emission Spectrometry

Dissolved Iron mg/L (6.5 0.1 [JISK 0102 57.4 ICP Emission Spectrometry
. Not o

Dissolved Manganese mg/L Detected 0.1 (JISK 0102 56.4 ICP Emission Spectrometry

Chromium mg/L [0.22 0.05 (JISK 0102 65.1 ICP Emission Spectrometry

. JIS K 0102 45 UV Absorption
Total Nitrogen mg/L |180 0.1 Spectrophotometry
Total Phosphorus me/L [0.13 0.03 i}{itllfo(()ll 02 46.3 Peroxodisulfate Digestion

- No further entries-

Note: Results indicated as “Not Detected” in the measurement result
column are below the quantification limit.

Remarks
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Translation of the original Japanese document has been carried out by Rodney Hellyer of Japanese Solutions
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Measurement Certificate

Control No.: W1302048-001

Page: 2 of 2
Mayor of Shiraoi Town Yasuhiko Toda
Measurement Certification Business Registration No. 628
Hokutan General Service Co., Ltd.
Environmental Center
059-1366 - 1-3-3 Akebono-cho, Tomakomai City
TEL: 0144-55-1171 FAX: 0144-55-1173
Head Office: 9-3-3-6 Kikusui, Shiroishi-ku, Sapporo
Environmental Measurement Engineer: Junichi Hara [Stamped]
Report No.: W1302048 Date of Issue: February 26, 2013 (Heisei 25)
Date Sample Received: February 18, 2013 Sample Collected By: Hokutan General Service
Co., Ltd. Mr. Nishio

Statement: We hereby report the results of the analysis of the sample submitted by you as
follows.

Sample Name  |Treated Water
Collection Date |[February 18, 2013 9:32am
Sampling . o Water Temperature
Conditions Weather Snow Air Temperature -3.0 °C 19.2°C
Sampling Shiraoi Town Biomass Fuel Production Facility — Inside the
Location Wastewater Treatment Building
Measurement Item Unit Result Q.u aptlﬁcauon Method
Limit
. . Not JIS K 0102 55.3 ICP Emission
Cadmium and its Compounds/mg/L Detected 0.001 Spectrometry
. Not JIS K 0102 38.1.2, 38.3
Cyanide Compounds mg/L Detected 0.1 Spectrophotometric Method
Organic Phosphorus me/L Not 01 Environmental Agency Notice No.
Compounds £ Detected | 64 (1974) Appendix 16C
. Not JIS K 0102 54.3 ICP Emission
Lead and its Compounds mg/L Detected 0.005 Spectrometry
Hexavalent Chromium JIS K 0102 65.2 Diphenylcarbazide
Compounds me/L 0.08 0.02 Method
. . JIS K 0102 61.2 Hydride
Arsenic and its Compounds |mg/L 0.022 0.005 Generation AAS
Mercury and Alkyl Mercury me/L Not 0.0005 Environmental Agency Notice No.
Compounds £ Detected | 59 (1971) Cold Vapor AAS
Alkvl Mercury Compounds  Ime/L Not 0.0005 Environmental Agency Notice No.
y fy Lomp & Detected | - 59 (1971) GC Method
Polychlorinated Biphenyls mo/L Not 0.0005 Environmental Agency Notice No.
(PCB) & Detected | 59 (1971) GC Method
. . Not JIS K 0102 34 Ion Selective
Fluorine and its Compounds |mg/L Detected 0.1 Electrode Method
Boron and its Compounds  |mg/L 0.06 0.02 JIS K 0102 47.3 ICP Emission
Spectrometry
Ammonia, Ammonium
Compounds, Nitrite & mg/L 82 0.22 .;IS Ktr01(l)12 tl fnzi[rllz/sl’é 3.1,43.2
Nitrate Compounds pectrophotometric
Dichloromethane mg/L 0.001 0.002 SISSK 0125 3.1 Purge & Trap GC-
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Carbon Tetrachloride mg/L II\)IZ;[ec ted |0-0002 lJ\EISSK 0125 5.1 Purge & Trap GC-
1,2-Dichloroethane mg/L II\)I(e):ec ted |0-0004 lJ\EISSK 0125 5.1 Purge & Trap GC-
1,1-Dichloroethylene mg/L II\)IZ:ec ted 0.002 IJJISSK 0125 5.1 Purge & Trap GC-
cis-1,2-Dichloroethylene mg/L II\)IZ:ec ted 0.004 IJJISSK 0125 5.1 Purge & Trap GC-
1,1,1-Trichloroethane mg/L II\)IZ:ec ted 0.0005 IJJISSK 0125 5.1 Purge & Trap GC-
1,1,2-Trichloroethane mg/L II\)IZ:ec ted 0.0006 IJJISSK 0125 5.1 Purge & Trap GC-
Trichloroethylene mg/L g::ecte d 0.002 IJJISSK 0125 5.1 Purge & Trap GC-
Tetrachloroethylene mg/L I\DI:;EGC ted 0.0005 ﬁSSK 0125 5.1 Purge & Trap GC-
1,3-Dichloropropene mg/L ggﬁecte d 0.0002 SISSK 0125 5.1 Purge & Trap GC-
Thiobencarb mg/L I;Z,:ec ted 0.002 1553 ‘(Illr;);l ?)l e(t}lgll\lzgency Notice No.
Benzene mg/  [0.001  [0.001 ifISSK 0125 5.1 Purge & Trap GC-
Selenium and its Compounds mg/L gg':ec ted 0.002 gSnI:rgtligi 21;28 Hydride

Remarks

Note: Results indicated as “Not Detected” in the measurement result column

are below the quantification limit.
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    (CH 2   –CHCl)  n →   (CH=CH)  n + n  HCl


  2  F − +   Ca  2 + →   CaF 2 ( s )


   F − +   Na + → NaF ( s )


  HCl +   Na + → NaCl


  C–F +   H 2 O → C–H +  F − +   OH −


 


    –(CH 2   –CHCl)–  n →   –(CH=CH)–  n + n  HCl


  HCl +   Na + → NaCl


  2 HCl +   CaCO 3 →   CaCl 2 +   CO 2 +  H 2 O


  C–F +  H 2 O → C–H +  F − +   OH −


  2   F − + C   a  2 + → C a   F 2 ( s )

