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| NEDO Model Project — Summary of Feasibility Study Resuits |

1. Outline of Technologies to be Introduced in Model Project

The steel industry is the largest energy consumer in Thailand and electric arc furnaces
(EAF) use more energy than any other equipment within the steel industry. Despite this,
technology to recover high temperature exhaust gas generated by EAF is currently not
employed in Thailand. Improving the energy efficiency of EAF is, therefore, a priority of the
Iron and Steel Institute of Thailand.

JP Steel Plantech has developed “ECOARC,” a revolutionary electric arc melting furnace
that represents the most advanced energy recovery and environmentally conscious EAF

technology in the steelmaking industry.

Scrap Chamber

Gate
Fume Duct Melting
1 { 3 4 Chamber
Preheating o N
Chamber (Shaft) S 4 V '
Scrap
Molten
Steel

Figure 1 Schematic configuration of ECOARC

As shown in Figure 1, ECOARC has a preheating chamber that is directly connected to the
melting chamber. During ongoing operation, molten steel is present in the melting chamber at
the same time scrap is present in the preheating chamber. Scrap at the bottom of the
preheating chamber is always immersed in the molten steel. The molten pool's “flat bath” is
always maintained in the melting chamber during ongoing operation. The arc continuously
strikes against the flat bath and scrap is melted when it comes into contact with the
super-heated flat bath. The gas generated from oxygen lancing and the injection of carbon
into the molten pool will come into contact with the scrap right after it is generated and prior to
cooling. The gas, which is routed to the preheating chamber so that heat can be recovered,
flows out the fume duct. This configuration allows all scrap to pass through the hottest zone,
where it will be thoroughly and evenly preheated to a high temperature. Because of this,



ECOARC has the most efficient scrap preheating system.

The generation of harmful chemicals can be avoided by marginally increasing the amount of
fuel used. ECOARC technology is currently being used commercially at three steelworks. In
July 2009, NEDO and Thailand's Ministry of Industry held a meeting to approve a feasibility
study (FS) to evaluate the applicability of this technology in Thailand.

Building Suction Air

oo
>

200-250

N Small

Up to 90 deg.C
E COARC Burner Ignition p to 90 !
Post Combustion Spray Cooling Bag Filter
Chamber Chamber
DXN, Smoke, Odor Prevent DXN DXN Adheres
Decomposition  Re-composition to the Dust

Figure 2 ECOARC pollutant treatment

In an ECOARC furnace, the oxidation level (OD=CO24CO+CO2}) of the off-gas from the
preheating chamber is controlled at approximately 60 to 70%, which enables the off-gas to be
combusted with a sufficient amount of CO included in the off-gas itself. The off-gas is
combusted in the post combustion chamber, which is located downstream from the
preheating chamber, at a sufficiently high temperature and for a long enough time for dioxins
to be decomposed. After combustion, the gas is rapidly cooled by a direct water spray cooling
system in the spray cooling chamber, which prevents the re-composition of dioxins. Through
this process, ECOARC has produced actual dioxin content levels of less than 0.5
ng-TEQ/m3N, which meets Japanese regulations for new electric arc furnaces.

Although there are no dioxin content regulations for the Thai steel sector at this time, if
regulations similar to those in Japan are established in Thailand in the future, ECOARC
technology would comply with such regulations.



2. Background on Selection of Implementation Site

In the FS, three candidate companies were evaluated and UMC Metals was selected as the
most suitable project implementation site. Initially, UMC Metals and Siam Construction Steel
expressed interest in ECOARC technology. In addition, the lron & Steel Institute of Thailand
introduced us to Bangkok Iron and Steel Works, which was planning to construct a new steel

melting facility.

A comparison of the three firms is shown below in Table 1. UMC Metals was highly rated
because it is highly motivated to implement the model project and introduce an
environmentally conscious high-efficiency arc furnace. The operating conditions are also
excellent and work at the site and demonstration of the plant are therefore expected to
proceed smoothly. We also learned that UMC Metals has a good relationship with the
Bangkok Bank, which would provide financial backing during the implementation stage.

Lvaiaton artaita

AL Metals
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Table 1 Results of survey of three candidate companies
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3. Outline of Site Firm and Model Project Plan

UMC Metals is a steel mill in Thailand that has a 70-ton EAF, a ladle furnace and a

continuous caster. Existing facilities were evaluated and at the same time an outline of the

target energy saving equipment was studied.

Qutline of UMC Metals
— Status:
- Plant location:

- Start up date:

- Annual sales:

- Number of employees:
- Main products:

- Annual production:

Private company established in 1994

9/10 Moo 5, Saensuk-Bangpra Road, T. Mhuang, A. Muang,
Chonburi 20130, Thailand

Oct. 01, 2002 (EAF)

11,798 million THB

320

Billet

420,000 nominal, 550,000 maximum, 482,000 in 2008

- Qutline of existing main equipment:

Table 2 Specifications of main equipment

Process Equipment Specification
Electric arc furnace Furnace body AC 70t EBT
(EAF) Transformer 50 MVA
Wall burner LPG, 6 MW x 3 sets

Oxygen injector

\Water cooled lance,
3,200 m*N/hr

Ladle furnace
(LF)

Capacity

70 tons

Transformer

10 MVA

- EAF average unit consumption from Jan. 2008 to Oct. 2009

Table 3 EAF consumption per unit

input Unit Unit consumption
1. | Electricity kWhit 389
2. | Oxygen m°N # 39
3. | LPG m°N /t 14
4. | Coke kg 15




Basic Specifications of Equipment to be Introduced through this Model Project

Basic specifications would be maintained at the existing facility to concentrate on energy
savings efficiency; i.e. reducing power consumption. Increasing productivity is not an
obiective.

The productivity of the downstream equipment, i.e. the ladle furnace and the continuous
caster, would also be maintained to keep the same heating capacity of the arc furnace. Based
on the above preconditions, the specifications for the equipment that would be introduced in
this model project have been determined as below.

- Furnace: environmentally conscious high-efficiency arc furnace (ECOARC™)

- Design basis:
1) Productivity 70 tons/hour
2) Heat size (tapping weight per heat) 70 tonsfheat
3} Charged scrap per heat 78 tons/heat
4) Electric power consumption 280 kWh/ton
5) LPG consumnption 1.5 kgftons (for off-gas treatment)

Eguipment Configuration
To introduce the environmentally conscious high-efficiency arc furnace, the existing

conventional EAF and off-gas treatment system and part of the water cooled duct leading to
the combustion chamber would be removed and the new EAF, off-gas treatment system and
auxiliary equipment would be installed. The existing transformer and electrode arms would be
reused. The existing scrap bucket, which is too large, would be replaced by a smaller cne.

The configuration of the equipment after the new EAF is introduced would be as shown in
Figure 3.

Building Suction Duct
E 0 (EXISTING)

uenchin
hambe

Environmental Conscious .
High-Efficiency Off Gas Treatment Bag Filter
Arc Furnace (EXISTING)

Figure 3 Equipment configuration for new EAF
Layout
The layout before and after the introduction of the new EAF is shown in Figure 4. The

foundation and building of the scrap yard and melting yard would basically be reused but
partially modified.
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4. Expected Energy / CO, Emissions Reduction and Pay' back Period

Energy/CO- Emissions Reduction

It has been calculated that power consumption can be reduced 29% relative to the
existing equipment and CO, emissions would be reduced 28%. The calculations are shown
below.

Expected Energy Savings

Electric power consumption: 389 kWh/t-steel
Baseline Fuel (LPG): 2.9 kgit-steel
Total energy consumption: 2,228 Tdlyear

Electric power consumption: 280 kWh/t-steel

Project Fuel (LPG): 1.5 kgit-steel
Total energy consumption: 1,588 TJiyear
. 638 TJ/year
Savings )
(29% reduction)
Nates: Annual production: 500,000 tons
Electric energy: 11.08 MJ/kWh
Fuel (LPG): 49 30 MJ/kg

Expected CO, Emissions Reduction

Bassi Electricity: 500,000 tyr x 389 kWh/t = 194,500 MWh/yr
aseline
Emissions: 98,359 t-CO./yr
Proiect Electricity: 200,000 tlyr x 280 kWh/t = 140,000 MWh/yr
rojec
: Emissions: 70,798 t-COy/yr
. 27,561 t-CQyfyear
Reduction
(28% reduction)

Note: Emission factor for grid electricity: 0.5057 t-CO./MWh

In addition to the environmental benefits, operational improvements, such as an
improvement in electrode consumption and a reduction in oxygen consumption, would be
achieved.

Work and Cost Sharing
The work sharing between the Japanese side and the Thai side would be as defined below.

L Japanese side Thai side




Cooperation for site survey Site survey
Design/Procurement/Manufacturing/Ocean | Design/Procurement/Manufacturing/Ocean

freight (Japanese portion) freight (Thai portion)
Supervision for site work Site work (Civil/Erection/Piping/Cabling
Cooperation for deployment activities & wiring)

Commissioning work
Demonstration of plant
Dissemination activities

Main equipment to be supplied by Japanese side:
a) Environmentally conscious high-efficiency arc furace (ECOARCTM)
b) ECOARC auxiliary equipment
c) Off-gas treatment system
d) Automatic material handling/EAF charging system
e) Electrical/Control equipment (PLC, HMI, Level 2 computer, etc.)
fy  Special refractory
Main equipment to be supplied by Thai side:
a) Walkways, platforms and heat shields
b} Piping
c) Scrap handling system
d) Hydraulic fluid
e) Refractory

Based on the above work sharing scheme, estimated cost sharing would be as below.
Japanese side: approx. 2,030 million yen (615 million THB)
Thai side: approx. 822 million yen (249 million THB)
Total: approx. 2,852 million yen (864 million THB)

Payback period
The cost benefits and payback period expected from improving the energy efficiency are as
shown below.
Cost savings; 599 million yen/year (182 million THB/year)
Payback period: 4.8 years
Note: 1 THB = 3.3 yen (average for past 3 years)
Annual production: 500,000 t-steel/year
Cost savings take into account electricity, fuel, oxygen and
electrode savings, but do not include potential benefits from
CO2 credits.



5. Dissemination Activities

Potential for Dissemination of Technology

The potential to deploy the technology that would be introduced in this project is promising,
as it could be attractive to all 17 steel mills (28 EAFs) in Thailand. This technology
decreases CO, emissions, a pressing global environmental objective. The potential energy
savings and greenhouse gas (GHG) emissions reduction that could be achieved by
introducing this technology to seven companies that have the same capacity as UMC
Metals' plant is estimated to be 4,556TJ/yr and 202,029t- CO./yr. The potential beneficial
impact on the Thai economy and environment would be substantial. Additionally, once the
model project has been implemented and the technology demonstrated, equipment
specifications would be reviewed and processes streamlined. This, as well as reducing
costs by increasing local and regional procurement, could potentially increase the pace of
dissemination.

Disseminaticn Plan

® The firm where the project would be implemented would be expected to showcase the
technology in order to encourage other steel companies in Thailand to evaluate the
adoption of the technology.

® One of the most important points to facilitate dissemination is to reduce total project costs.
To accomplish this, a local manufacturer in Thailand would be identified and developed
to fabricate some of the equipment locally during the deployment stage.

® According to our calculations, costs could be reduced approximately 13% during the
dissemination phase, as shown in Figure 5.

MJPY Target: 13% Reduction

3,000+ 2,852MJPY by increasing local procurement
2,469MJPY

2,000+

1,000+

Model Proiect Dissemination Stase
Figure 5 Cost reduction at dissemination stage
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These cost reductions are expected to shorten the payback périod to 4.1 years, as shown

in Figure 6.
(years)
5 4.8 years
' 4.1 years
4 Y
3
Payback
Period 2
| R O Do A I

Model Project Dissemination Stage

Note:  Payback period takes into account savings on electricity, fuel, oxygen

and electrodes, but does not include potential benefits from CO, credits.

Figure 6 Payback period at dissemination stage
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(FINAL DRAFT 2010.10.7)
MEMORANDUM OF UNDERSTANDING
BETWEEN

NEW ENERGY AND INDUSTRIAL TECHNOLOGY
DEVELOPMENT ORGANIZATION
JAPAN

AND

DEPARTMENT OF INDUSTRIAL PROMOTION
MINISTRY OF INDUSTRY
THE KINGDOM OF THAILAND

CONCERNING

THE MODEL PROJECT
FOR

AN ENVIRONMENTALLY CONSCIOUS HIGH-EFFICIENCY
ARC FURNACE



This Memorandum of Understanding (hereinafter referred to as “MOU”) describes an

agreement between the New Energy and Industrial Technology Development Organization

(an Incorporated Administrative Agency, established by the “New Energy and Industrial

Technology Development Organization Law”, and under the Ministry of Economy, Trade and

Industry) of Japan (hereinafter referred to as “NEDO”) and the Department of Industrial

Promotion, Ministry of Industry, the Kingdom of Thailand (hereinafter referred to as “DIP”) "
for joint implementation of The Model Project for an Environmentally Conscious High-

Efficiency Arc Fumnace (hereinafter referred to as “PROJECT™).

The PROJECT shall be implemented under the Green Partnership Plan (formerly GAP),
which is jointly promoted by the Ministry of Economy, Trade and Industry of Japan and the
Ministry of Industry, the Kingdom of Thailand, to support the efforts of the Kingdom of
Thailand to address its energy and environment related challenges.

The PROJECT shall be promoted as a project activity under Article 12 of the Kyoto Protocol
to the United Nations Framework Convention on Climate Change, or the relevant article of an
internationally recognized post-Kyoto Protocol framework agreement.

NEDO and DIP hereby agree as follows:

ARTICLE 1
OBJECTIVE OF THE PROJECT

The objective of the PROJECT is to contribute to the efficient use of energy and the
protection of the environment in the Kingdom of Thailand by introducing an environmentally
conscious high-efficiency arc furnace (hereinafter referred to as “EQUIPMENT”) and widely
disseminating the applied technology (herginafier referred to as “TECHNOLOGY™) in the
Kingdom of Thailand through demonstration of the EQUIPMENT.

ARTICLE 2
COOPERATION BETWEEN NEDO AND DIP

NEDO and DIP shall cooperate as necessary in order to carry out and successfully complete
the PROJECT.,



ARTICLE 3
PROJECT SITE

The PROJECT shall be implemented at UMC Metals Ltd., 9/10 Moo 5, Saensuk-Bangpra
Road, A. Muang, Chonburi 20130, the Kingdom of Thailand (hereinafter referred to as
GGUMC”).

1.

ARTICLE 4
OUTLINE OF THE PROJECT WORK AND OVERALL SCHEDULE

NEDO and DIP agree that the PROJECT shall encompass the following work:

(a) Surveys required for engineering and design, construction and operation of the
EQUIPMENT;

(b) Basic planning, engineering and design of the EQUIPMENT;

(c) Manufacture and transport of the EQUIPMENT;

(d) Civil work, construction and installation;

(¢) Commissioning of the EQUIPMENT;

(fY Demonstration of the EQUIPMENT;

(g) Dissemination of the TECHNOLOGY in the Kingdom of Thailand.

The schedule for implementing the PROJECT is set forth in the attached “PROJECT
Implementation Schedule” (ANNEX I).

ARTICLE 5
PROJECT EQUIPMENT

The following constitute the primary components that shall be used for the PROJECT:

(a) Shaft electric arc furnace and auxiliary equipment
(b) Fume suction system
(¢) Automatic material handling system

Descriptions and specifications of the EQUIPMENT are set forth in the attached
"PROJECT EQUIPMENT Overview" (ANNEX II).

ARTICLE 6
WORK SHARING



Work sharing between NEDO and DIP shall be as set forth in the attached “Table of Work
Sharing between NEDO and DIP” (ANNEX III). NEDO and DIP shall be separately
responsible for implementing their respective work.

ARTICLE 7
COST SHARING

1. NEDO and DIP shall each be separately responsible for bearing the costs of their
respective work set forth in the “Table of Work Sharing between NEDO and DIP”
(ANNEX III).

2. Based on the preceding paragraph, NEDO and DIP shall each be separately responsible
for securing the funding necessary for implementing their respective work set forth in the
“Table of Work Sharing between NEDO and DIP” (ANNEX III).

ARTICLE 8
FACILITATION

1. DIP shall ensure that UMC bears import tariffs and value-added taxes, and all other taxes
and duties which may be imposed on all EQUIPMENT provided by NEDO and imported
to the Kingdom of Thailand in connection with the PROJECT.

2. DIP shall facilitate UMC’s acquisition of all necessary permits, licenses and other forms
of approval required in the Kingdom of Thailand for implementation of the PROJECT.

3. NEDO and DIP shall make every effort to ensure the safety of personnel dispatched by the
other PARTY for implementation of the PROJECT and shall facilitate the dispatch and
reception of personnel and assist, as necessary, in the obtainment of visas and domestic
travel permission.

ARTICLE9
PROJECT IMPLEMENTATION METHOD

1. NEDO may entrust its work related to the PROJECT, as stipulated in Article 6, to JP Steel
Plantech Co. (hereinafter referred to as “ENTRUSTED PARTY™) and shall immediately
notify DIP in writing of such entrustment.

2. DIP shall ensure that UMC carries out its work set forth in the attached “Table of Work
Sharing between NEDO and DIP” (ANNEX III). DIP shall also take responsibility for



providing guidance, assistance, and cooperation to UMC in order to facilitate
implementation of the PROJECT.

3. PROJECT implementation details shall be set forth in an Implementation Document, based
on this MOU, to be agreed upon by the ENTRUSTED PARTY and UMC. The
Implementation Document shall not be signed by the ENTRUSTED PARTY and UMC
until NEDO and DIP grant their approval. The Implementation Document shall stipulate
the following issues including details of the PROJECT that are not specified in this MOU.

(a) A comprehensive schedule and detailed specifications, including expected
performance and energy conservation effect,

(b) Work sharing details,

(¢) Treatment of industrial and intellectual property rights,

(d) Methods for resolving disputes that may arise,

(e) Vendor list,

(f) Confirmation of quality,

(g) Standards and specifications,

(h) Measures for demonstration and dissemination, and

(i) Other matters necessary for implementation of the PROJECT.

ARTICLE 10
ADMINISTRATION OF THE PROJECT

1. NEDOQ and DIP shall each appoint one (1) project management representative and one (1}
contact person for the implementation of the PROJECT, and each shall immediately
notify the other party in writing of such appointments.

2. NEDO shall appoint one (1) project supervision representative from the ENTRUSTED
PARTIES and shall immediately notify DIP in writing of such appointment.

3. DIP shall appoint one (1) project supervision representative from UMC and shall
immediately notify NEDO in writing of such appointment.

4, If NEDO or DIP changes its project management representative, contact person or project
supervision representative, that party shall immediately notify the other party in writing
of such change.

ARTICLE 11
LANGUAGE AND STANDARDS

1. All documents, letters, drawings, specifications, reports, etc. for the PROJECT shall be
written in English.



In principle, Japanese standards and regulations shail be used in technical documents
such as drawings and specifications. If those cannot be applied, Thai standards and
regulations shall be used. If neither Japanese nor Thai standards and regulations can be
applied, NEDO and DIP shall determine which standards and regulations will be applied.

ARTICLE 12
RESPONSIBILITY AND DAMAGES

NEDO and DIP shall cach be separately responsible for and shall each bear their own
costs for any material damage resulting from work undertaken for the PROJECT.

Neither party shall make a claim for compensation against the other party in the event of
any material damage, injury or loss of life due to an accident, natural calamity or any
reason other than willful misconduct or gross negligence.

ARTICLE 13
CONFIDENTIALITY OF TECHNICAL INFORMATION AND TREATMENT OF
PROJECT RESULTS

Neither NEDO nor DIP shall disclose any technical documents or information obtained
during implementation of the PROJECT to an outside party other than for the purposes of
the PROJECT.

NEDO and DIP agree that if either party wishes to disclose results of the PROJECT to an
outside party for any reason other than for the purposes of the PROJECT, the disclosing
party must obtain prior written consent from the other party before any such disclosure
can be made.

NEDO and DIP agree to protect intellectual property rights.

ARTICLE 14
DEMONSTRATION AND DISSEMINATION OF PROJECT RESULTS

During and after implementation of the PROJECT, DIP shall ensure UMC’s ongoing
operation of the EQUIPMENT for demonstration of its effectiveness.

DIP shall take responsibility for ongoing efforts to demonstrate and disseminate the
results of the PROJECT, and shall ensure UMC’s ongoing efforts in this respect, in order
to achieve the objective stipulated in Article 1.



ARTICLE 15
TRANSFER OF OWNERSHIP OF THE EQUIPMENT

. NEDO shall transfer ownership of the EQUIPMENT to the Thai government on the
expiration date of this MOU at no cost in its existing condition.

. NEDO shall not assume any responsibility for warranty, maintenance, refurbishment or
any other costs pertaining to the EQUIPMENT upon and subsequent to the transfer of its
ownership.

. NEDO shall not assume any responsibility for maintenance, reconstruction or any other
costs pertaining to the EQUIPMENT upon and subsequent to the transfer of its ownership.

. DIP shall ensure that the EQUIPMENT is used in a manner consistent with its original
purpose for a minimum period of five years from the date of transfer of the EQUIPMENT.
In the event that there is interest in altering how the EQUIPMENT is used, DIP shall
consult with and obtain NEDQ's approval before any such change is made.

. DIP shall ensure UMC’s consent to allow NEDO to freely access the site where the
EQUIPMENT is located after the MOU has expired to enable confirmation of the
operational status of the EQUIPMENT.

ARTICLE 16
REPORTS ON STATUS OF DISSEMINATION

DIP shall take responsibility for preparing annual reports on the status of the
EQUIPMENT and dissemination of the TECHNOLOGY for five (5) years after the date
of the completion of the PROJECT. Each report shall be prepared on the basis of an
April-to-March time period.

NEDO and DIP agree that the provisions of this Article shall remain effective until the
submission of the fifth (final) annual report five years subscquent to PROJECT
completion, notwithstanding the expiry of this MOU.

ARTICLE 17
MUTUAL TRUST AND CONSULTATION



Any problems resulting from or anything unspecified in this MOU shall be resolved through
amicable consultation, based on the principles of mutual benefit, equality, cooperation and
trust.

ARTICLE 18
AMENDMENT

This MOU may be amended by written mutual agresment between NEDO and DIP.

ARTICLE 19
VALIDITY

1. This MOU shall come into force upon the date of its signing by NEDO and DIP and shall
remain effective for a period of thirty (30) months.

2. Notwithstanding the expiration of the validity of this MOU as stipulated in the previous
paragraph, NEDO and DIP may terminate this MOU or extend its validity by mutual
agreement.

3. Sections 1 and 2 of Article 13 shall be effective for the same period of the validity as in
section 1 of this Article.

4. Section 3 of Article 13 shall remain effective for five (5) years after the expiration or
termination of this MOU.



IN WITNESS WHEREOF, the undersigned, being duly authorized thereto, have executed two
(2) original copies of this Memorandum of Understanding on the date indicated below. Each
signatory shall retain one (1) original copy.

Signed in Bangkok on ,2010
New Energy and Industrial Technology Department of Industrial Promotion
Development Ministry of Industry C
Organization The Kingdom of Thailand
Japan
Hiroshi Watanabe Arthit Wathikaro
Executive Director Director Gengral



ANNEX 1

Model Project for Environmentally Conscious High—Efficiency Arc Furnace

Implementation Schedule
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ANNEX 1§ (1/3)
Madel Project for Environmentally Conscious High-Efficiency Arc Furnace

PR

Outline of the EQUIPMENT for the PROJECT

1. Plant in which the EQUIPMENT is to be installed:
Company: UMC Metals LTD.
Factory: 9/10 Moo 5, Saensuk-Bangpra Road, T.Mhuang, A.Muang, Chonburi 20130, Thailand

2. EQUIPMENT Overview
A revolutionary electric arc furnace (EAF) will be installed in this model project, which
represents the most advanced energy recovery and environmentally conscious EAF technology
in the steelmaking industry.
Attachment-1 is a simplified process flow, explaining how the system will function once the new
EQUIPMENT is installed.

3. Outline of Basic Engineering and Design Specifications
The following descriptions and specifications are provisional, and are intended to provide a
basic understanding of the outline of the Project. Therefore, they are subject to change during the
actual planning stage, and shall be determined by both parties through the finalization of the
Implementation Document.

(1) Subject engineering condition
Table 1. Subject engineering condition

No. ITEM CONDITION / DESIGN BASIS
1} Products Low and Medium Carbon Steel
2 | Annual Production 500,000 tons
3 | Productivity 70 tons / hour

(2) Expected energy conservation and environmental improvement effect
Table 2. Expected Reduction of Energy and CO, Emission

Electric Power Consumption: 389 kWhh-steel
i Fuel (LPG): 2.9 kgit-steel
Base line
Total Energy: 2,226 Tllyear
Tota! CO, Emission: 98,359 t-COaly
Electric Powar Gonsumption: 280 kWh/t-steel
) Fuel (LPG): 1.5 kght-steel
Project
Total Energy: 1,688 TJlyear
Total CO; Emission: 70,798 t-COqly
Total Energy: 638 TJfyear (29 % reduction
Reduction 9y . year ( or fon) .
Total CO, Emission: 27,561 t-COq/year (28 % reduction)
Note) Annual Production: 500,000 t-steelfyear
Electric Energy: 11.08 MJ/kwh
Fuel (LPG): 49,30 MJ/kg

Emission Factor for grid electricity: 0.5057 t-CO./MWh



ANNEX Il {2/3)
Attachment 1

(1) Overall process

The key technology of Environmentally Conscious High-Efficiency Arc Furnace (ECOARC™) is
the highly-effective scrap preheating system, which recovers the sensible heat of the off gas from the
furnace effectively, makes it possible to realize 280kWh/ton electric power consumption in a normal
operating condition.

As shown in figure 1, ECOARC has a preheating chamber that is directly connected to the
melting chamber. During ongoing operation, molten steel is present in the melting chamber at the
same time scrap is present in the preheating chamber. Scrap at the bottom of the preheating
chamber is always immersed in the molten steel. The molten pool's “flat bath” is always
maintained in the melting chamber during ongoing operation. The arc continuously strikes against
the flat bath and scrap is melted when it comes into contact with the super-heated flat bath. The
gas generated from oxygen lancing and the injection of carbon into the molten pool wili come into
contact with the scrap right after it is generated and prior to cooling. The gas, which is routed to
the preheating chamber so that heat can be recovered, flows out the fume duct. This
configuration allows all scrap to pass through the hottest zone, where it will be thoroughly and
evenly preheated to a high temperature. Because of this, ECOARC has the most efficient scrap

preheating systemn.
| Scrap Chamber

Gate
Fume Duct cl\:l‘gltt‘:ggr
Preheating P |
Chamber (Shaft) ’
Scrap

~._| Molten
Steel

Figure 1. Schematic Configuration of ECOARC

In an ECOARC furnace, the generation of harmful chemicals can be avoided by marginally
increasing the amount of fuel used. The oxidation level (OD=CQ.{CO+CO,}) of the off-gas from
the preheating chamber is controlled at approximately 60 to 70%, which enables the off-gas to be
combusted with a sufficient amount of CO included in the off-gas itself. The off-gas is combusted
in the post combustion chamber, which is located downstream from the preheating chamber, ata
sufficiently high temperature and for a long enough time for harmful chemicals to be decomposed.
After combustion, the gas is rapidly cooled by a direct water spray cooling system in the spray
cooling chamber, which prevents the re-composition of dioxins. Through this process, ECOARC
has produced actual dioxin content levels of less than 0.5 ng-TElesN*, which meets Japanese
regulations for new electric arc furnaces.




ANNEX Il {3/3)
Although there are no dioxin content regulations for the Thai steel sector at this time, if
regulations similar to those in Japan are established in Thailand in the future, ECOARC
technology would comply with such regulations.
Building Suction Air

M —‘“% /& Igniting >

Small Burner

Post Combustion Spray Cooling Bage Filter
Chamber Chamber Se SRS
DXN, Smoke, Odor  Prevent DXN DXN Adheres
Decomposition ~ Re-composition to the Dust

Figure 2. Pollutant Treatment of ECOARC
ECOARC technology is currently being used commercially at three steelworks in Japan. In July
2009, NEDO and Thaitand’s Ministry of Industry held a meeting to approve a feasibility study (FS)
to evaluate the applicability of this technology in Thailand.

*» The concentration of dioxins are expressed by TEQs (Toxic Equivalent Quantity), which are calculated by
multiplying the measured value of concentration of each isomer of dioxins by the Toxic Equivalent Factor
(TEF) and then adding them up. TEF is the relative toxicity of dioxins, and the TEF of the most toxic dioxin
compound, 2,3,7,8-TCDD is 1.

(2) Major conversion items

a) Removed items
Existing conventional electric arc fumace, existing off-gas duct and settling chamber
{(combustion chamber), a part of existing working floor, existing material charging system
for EAF, existing scrap buckets and scrap bucket transfer cars

b) Newly installed items
ECOARC, new material charging system for EAF, new off-gas ducts, new combustion
chamber and spray cooling chamber, additional booster fan for furnace off gas line, new
buckets and transfer cars, new scrap charging guides

¢) Modified items
Furnace foundation, scrap yard foundation, working floor, piping and wiring

d) Reuseditems
Existing transformer, secondary conductors, roof lift & swing system, electrode positioning
system and electrode arms, carbon injection system, electrode stand, ladle and ladle
transfer car, existing fume suction system (bag filter, building suction ducts, a part of
furnace off gas ducts), equipment of the downstream from ladie furnace



ANNEX III

Model Project for Environmentally Conscious High-Efficiency Arc Furnace
Table of Work Sharing between NEDO and DIP

©:Plan/Execution (O:Cooperation/Support AAdvice/Suggestion
NEDO : New Energy and Industrial Technology Development Organization, Japan

DIP : Department of Industrial Promotion, Thailand
Scope
Item Work Item NEDO| DIP Remarks
Site survey
1-Site survey © ©
2-Detail survey of site Detail survey of site condition
(DPreparation of survey item list| ©
(2)Execution of survey © | Based on survey item list
Preparation
of basic 1-Basic design condition
desig_n (1)Preparation @ O* | * Existing design condition
condition (2)Confirmation ©
2-Data of basic design
(1YPreparation ©@ O* | * Data of site condition
(2)Confirmation ©
Preparation
of basic plan | 1-Basic plan ®) A* | * For utility and others of scope
item
2-Schedule control
(1)Schedule control © © } Fach party responsible for its
(2)Delivery control @ © own portion
. Design
1-Basic design
(1)Mechanical equipment © ©
(2)Electrical equipment @) @ Each party responsible for its
(3)Instruments @ © own portion
(4)Civil & Building
{DLoading condition © ©
@Foundation-Building AN @) * Qubmission of outline
@Structure @)
{5)Utility facility A* @ | * Submission of design condition
(6)Others
(DPainting @ @ | Each party responsible for its
own portion
@Modification and/or ya\ @)
relocation of existing
equipment
@Removal and/or JaN ©
restoration of existing
equipment
(DConfirmation © ® | Each party responsible for its
own portion




Item

Work Item

Seope

NEDO

DIP

Remarks

4. Design

2-Deatil design
(1)Mechanical equipment
(2)Electrical equipment
(8)Instruments
(4)Civil & Building
(DAnchor plan
@Foundation - Building
@Structure
(6)Utility facility
{8)Others
(DPainting

@Modification and/or
relocation of existing
equipment

@Removal and/or restoration
of existing equipment

@Transportation and/or
treatment of scrap and
waste materials

© ©eO

@ ©® D000 ©ee

©

Each party responsible for its
own portion

Each party responsible for its
own portion

5. Fabrication

and

procurement

1-Plant, Equipment, Device

2-Civil materials
(1}Anchor bolt
(2)Reinforcing bar, embedded
steel plate
(3)Cement, others
3-Structure
4-Building materials
5-Piping and duct maferials
6-Valve
7-Electrical equipment,
Instruments
8-Electrical construction materials
9-Instrumentation
construction materials
10-Refractories
11-Painting
12-Delivery and quality control
13-Analytical instruments
14-Consumables, spare parts
15-Technical assistance on
Thai Equipment fabrication

©oe

CCRE);

©

OO0 © OO0OOLOG 00

Each party responsible for its
own portion

own portion

} Each party responsible for its

Including design
} Each party responsible for its
own portion




[tem

Work Item

Scope

NEDO| DIP

Remarks

6. Inspection

1-Report of inspection prior to
delivery

2-Unpacking inspection of
Japanese scope equipment

Each party responsible for its
own portion

* Japanese witness

7. Packing
Shipment
Unloading

1-Fumigation of packing materials
2-Custom clearance of Japan
3-Loading, sea transport
4-Unloading

5-Marine insurance

© ©eo

To Laem Chabang port

8. Inland
transportation

1-Custom clearance of Thailand
2-Inland transportation
(1)Japanese portion
(2)Thai fabrication of Japanese
scope
(3)Thai scape
3-Unloading at site
4-Inland transportation
insurance

A*
A'k

@@ ©o6 ©

* Submission of packing list
* Submission of packing list

9. Training

1-Training of operation and
maintenance staff in Japan
(DInstructor
(2)Overseas travel expense
(3)Traffic expense,
accommodation fee and meal
expense in Japan
2-Site training of operation and
maintenance staff

i

© o

O*

o* ©

* of Instructor

* of Supervisor

10. Installation
planning

1- Installation plan

2-Basic planning of Installation
method and schedule

3-Detail planning of Installation
method and schedule

Each party responsible for its
own portion




Seope
NEDOQ| DIP

Item Work [tem Remarks

11. Installation

1-Preparation of ground for plant
gite

2-Preparation & contirol of
warehouse

3-Temporary work

4-Site office

5-Power and water for Installation

6-Equipment for Installation

7-Materials for Installation O*

8-Installation Supervisor o*

9-Receiving & keeping o*
equipments and materials

10-Civil work

11-Structure work

12-Installation - piping & duct

work

13-Building work

14-Modification and/or relocation

of existing equipments
15-Removal and/or restoration of
existing equipments

* For special materials
* For Japanese scope
* For special materials

© 00 oO0ee © 0L © O

16-Transportation and/or ©
treatment of acrap and waste
materials

17-Power receiving & ©

transformer equipment
18-Utility supply up to take-over FANY @ | * Information of utility condition
point
19-Control work between ©
Installation schedule and
existing plant operation
schedule
20-Erection all risk insurance © © | Each party responsible for its
own portion




Scope

Item Work Item NEDO| DIP Remarks
12.
Commissioning | 1-Preparation for Commissioning
(1)Organization and personnel ©
of Commissioning
(2)Preparation work of O ©3% | ¥Including supply of devices,
Commissioning materials, lubricant, utility
and others.
(3)Technical guidance @)
2-Commissioning
(1)Commissioning O* ® | * Planning and instruction for
Japanese scope equipments.
(2)Technical guidance © BEach party responsible for its
own portion
3- Performance test ©* ©¥ | * Planning & instruction
¢ Participation for planning &
Execution
4- Disposal of scrap and waste
materials
6- Erection all risk insurance ®) © | Each party responsible for its
own portion
13.
Demonstration | 1- Demonstration operation @* ©@3% | * Dispatch of Supervisor at
appropriate timing
¥ Execution
2-Materials & utility @)
3-Maintenance, Adjustment FaAY ©
4-Confirmation of performance © ©
5-Disposal of scrap and waste ©@
materials
6-Insurance © © | Each party responsible for its
own portion
14.
Dissemination | 1-Promoting activity in Thailand FaN ©
Activities
156. Exemption
of tax, public 1-Exemption of custom duties, VAT ©* | *Subject to Section 1 of Article 8
dues, and others and taxes by Thai domestic law.
2-Acquisition of official licenses
and agreements in Japan and
Thailand. ) ©




Scope

Item Work Item NEDO| DIP Remarks
16. Preparation
and submission | 1-Report of inspection ©)
of documents 2-Unpacking Inspection manual ©* O¥ | For Work Item 2 to 7
3-Installation manual Q@* O¥% | * Submission of basic documents
4-Commissioning manual @* Ox for Japanese Equipment
5-Instruction manual ©* % including safety standards.
6-Operation manual @* ©3¥% | ¥ Preparation of practical
7-Maintenance manual ©* Q¥ documents based on actual
condition
8-Technical data of the local ©
equipments and/or the existing
equipments
9-Drawings, etc. of the local ©
equipments and/or the existing
equipment
10-Layout drawing around the site ©
plant
17. Report
1-Report of commissioning @ To DIP by UMC, to NEDO by
2-Data of demonstration operation | © © | S8PCO
3-Final report of the project ©@




Kyoto Protocol - Article 12

Article 12

1. A clean development mechanism is hereby defined.

2. The purpose of the clean development mechanism shall be to assist Parties not included in Annex I in
achieving sustainable development and in contributing to the ultimate objective of the Convention, and
to assist Parties included in Annex I in achieving compliance with their quantified emission limitation

and reduction commitments under Article 3.

3. Under the clean development mechanism:

(a) Parties not included in Annex I will benefit from project activities resulting in certified emission

reductions; and

(b) Parties included in Annex I may use the certified emission reductions accruing from such project
activities to contribute to compliance with part of their quantified emission limitation and reduction
commitments under Article 3, as determined by the Conference of the Parties serving as the meeting of

the Parties to this Protocol.

4. The clean development mechanism shall be subject to the authority and guidance of the Conference
of the Parties serving as the meeting of the Parties to this Protocol and be supervised by an executive

board of the clean development mechanism.

5. Emission reductions resulting from each project activity shall be certified by operational entities to be
designated by the Conference of the Parties serving as the meeting of the Parties to this Protocol, on the

basis of:

(a) Voluntary participation approved by each Party involved;

(b) Real, measurable, and long-term benefits related to the mitigation of climate change; and

{c) Reductions in emissions that are additional to any that would occur in the absence of the certified

project activity,



6. The clean development mechanism shall assist in arranging funding of certified project activities as

necessary.

7. The Conference of the Parties serving as the meeting of the Parties to this Protocol shall, at its first
session, elaborate modalities and procedures with the objective of ensuring transparency, efficiency and

accountability through independent auditing and verification of project activities.

8. The Conference of the Parties serving as the meeting of the Parties to this Protocol shall ensure that a
share of the proceeds from certified project activities is used to cover administrative expenses as well as
to assist developed country Parties that are particularly vulnerable to the adverse effects of climate

change to meet the costs of adaptation.

9. Participation under the clean development mechanism, including in activities mentioned in paragraph
3(a) above and acquisition of certified emission reductions, may involve private and/or public entities,
and is to be subject to whatever guidance may be provided by the executive board of the clean

development mechanism.

10. Certified emission reductions obtained during the period from the year 2000 up to the beginning of
the first commitment period can be used to assist in achieving compliance in the first commitment

period.
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