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CTO Profile

» Dr. Soon-Mo Hwang

Profile Education
O Senior researcher, Fusion Research Center O Bachelor, Nucl. Eng. Dep. Seoul Nat. Univ.
Korea Atomic Energy Research Institute, 6 yrs. 0O Master, Nucl. Eng. Dep. Seoul Nat. Univ.
O Director, Hanbit Plasma Mirror Project O Ph.d., Nucl. Eng. Dep. Seoul. Nat. Univ.
Korea Basic Science Institute, 8 yrs.
O Lecturer, Nuclear Engineering Dep., Seoul Nat. Univ. Publications
O Professor, Physics Department, Hannam Univ. )
0O Professor, Materials Eng. Dep. Seonggyungwan Univ. O more than 50 journal papers on plasma
O Visiting Fellow, University of California San Diego science and engineering
0O Experience : Construction of Large Scale Joint Plasma
Research Facility Patents
3O 11 patents

—
»»,1_7 [ - !
Slrsag U1 LIS

e —




POWER t )1 ) N\ ;
Plasma Optimized Waste to Energy Recovery L) world.com

Company History

«  2001. 7. Founded Advanced Plasma Technology, Inc.

+ 2003. 9. Acquired NEP (New Excellent Product) certificate for plasma torch

« 2004. 9. Acquired NET (New Excellent Technology) certificate for CPPVS system

+  2005.12. First successful electricity generation using a gas engine with synthetic gas
produced from the Adplatech’s PGV pilot system

+  2006. 12. Signed a contract for Hydrogen Recovery from Industrial waste with Ministry of
Commerce, Industry, and Energy

= 2006. 12. Singed a contract with Cheongsong County that AP will build, own and
operate the plant for municipal solid wastes.(NET certificate , Dec. 2008)

«  2007. 3. Signed a contract with KHNP for radioactive waste vitrification plant through
international bidding. ( Completed, April 2008)

+  2008. 11. World first successful high purity hydrogen recovery from industrial waste

+ 2008.12 Acquired NET (New Excellent Technology) certificate and verification for Cheongsong
County Municipal Solid Waste PGV Plant

+ 2009. 2. Selected technology as municipal solid waste treatment for Hamyang County

+ 2009. 5. Selected technology as waste to energy for u-city project in India ( Fairwood)

+ 2010. 4. Company name changed as the GS Platech
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Why Plasma Gaslflcation & Vitrification ?

B Environmental Friendly Solution for Renewable Energy

B Simple, Safe and Stable Process

B The most Efficient and Flexible Energy Recovery from Waste

(Electricity, Steam, Hydrogen, Methanol, and etc.)

B Easy Operation and Maintenance

* Plasma torch can easily
produce artificial lightning
under plasma condition
by electric arc.
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Plaﬁma Gﬂﬂlﬁcatlﬂn &VIh]ﬁcat]Qn Plant @ Home > Technology > Plasma Gasification & Vitrification Plant

B overview
The systemn utilzes the powerful plasma torch for the efficient gasification of organic wastes and vitrification of ashes in the
gasifier. Over 1,400 2, Organies are converted to synthesis gas and inorganics are converted to non-leachable skags.

B Practice
a Object : all kinds of organic waste
» Systemn capacity @ greater than 20 tons per day

B Characteristics

= Various waste treatment (municipal waste, industrial waste, sluge, coal, oil residue, oil sand efc)

s Long lifetime electrode of plasma torch

» Satisfaction of emission requlation without special facilities for downsizing polluted gas including dioxin
= Mo bottom ash, no fly ash

« Ideal WTE(waste to energy) systemn as high value added to electricity generation, cogeneration and hydrogen
recovery etc

» Economic construction cost : similar with incineration
= Low operation cost
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AP Process Flow Diagram
FEERC
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PIEEmE MEIting S}I’Etem [ Home > Technology = Plasma Melting System
ﬁ Overview

Inorganic waste is vitrified by thermal plsma and it 5 exhausted as environment -friendly recycling slag. High melting point
inorganic is melted by dual mode{non-transferred + transferred) torch.

W Practice

= Object : TiO2, low and intermediate radioactive waste, inorgarnic waste such as asbestos, ash and sludge
= Systern Capacity : greater than 1tons per day

B Characteristics
a Using transferred or dual mode plasma torch
(non-transferred mode until before forming of slag pool and then shift to transferred mode)
* High efficient operation by transferred mode
« Maximization of packing efficiency through metal and concrete treatment
« Good economic efficiency and safety to proof isotope fly of radioactive waste treatment,

TiO2 plasma melting Low & intermediate level Radioactive waste slag pool Slag pouring Melting of steel
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Energy REQ{WEW S"!'Etem @ Home > Technology > Energy Recovery System
B overview

Ideal WTE(Waste To Energy) system for oil refinery such as paper, textile and leather companies which need large incineration
plant to produce electricity or industrial steam. This system can be applied to recovery of high purity hydrogen from wastes.

B Practice
« Object : combustible industrial waste such as paper rejects, sludges, texture, leather waste and etc
« Systemn capacity : greater than 50 tons per day

B Characteristics
= Satisfaction of emission regulation including dioxin without special facilities for downsizing polluted gas
« Mo bottom ash, no fiy ash
» Small facility area
« Electricity and steam generation
= \Waste to high purity hydrogen and industrial gas recovery
= Flexible original technology to have various application
« \Waste recycling technology
« Environment friendly technology
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Waste To Energy technology

ba Power
generation

-

Plasma Gasification )
Organic wates = —— Industrial

Steam

District heating

Gas recovery

Recycled slag
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AP Process Summary

» Automatic continuous feeding with complete sealing
Waste Feeder » Proven/simplified working mechanism — minimize mechanical trouble
+ Various feeding method for waste type - solid(pellet, lump), liquid, powder

» Strong plasma jet from the plasma torch creates a powerful cyclonic motion.
Plasma Furnace

At the time wastes meet the plasma jet, organics are converted to clean syn-
gas.
+ The operation temperature of the furnace is kept in the range 1400 - 1500°C

depending on the wastes to be treated.
* Inorgarnics are converted to non-leachable slags, which are environmentally
harmless residue, which can be reused such as sand, tile, block,

soundproofing, and etc.

+ Small and simple configuration — bag filter and scrubber

Gas Treatment + Not required expensive SCRISNCR and others
*+ Hot exhaust gas leaving plasma furnace makes efficiently pressurized
l industrial steam to generate the electricity.

electricity.
» The syngas also can be combusted to produce high temperature steam to
drive steam turbines to generate electricity with high efficiency.

. » The syngas can efficiently drive a gas engine or fuel cell to generate the
@ Power Generation ynd y g d g

. * Hydrogen by-product can be recovered from the syngas through common
@ Hydrogen Production pressure swing adsorption process.

* Remarks : According to the site condition, various optional plant can be constructed.
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Competitiveness (Waste Treatment)

ltem GS Platech Plasma Incineration Common
Gasification - Vitrification Pyrolysis - Melting
i 150~200%
Eggftmmo" 100~120% 100% (mainly installed in
Japan)
Operation Cost 90~110% 100% 130~150%
Compact _ Huge . Big
i . (complicated process (complicated process
Plant Size (simple process o l
small utility) huge utility large utility
y dioxin treatment required) | dioxin treatment required)
.. Dioxin
Environmental No dangerous emissions Smoke
and Social No dangerous residues Smaller than incineration
| t , . Ashes
mpac Reclaim landfills .
Green Opposition
Waste to Energy
Commercial Various electricity Low temperature steam | High temperature steam
Application Carbon Dioxide Trading Limited electricity Limited electricity
Storable Hydrogen
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Competitiveness (Fuel cell power _2.AMW)

Fuel cell stack

ltem Plasma fuel cell Conventional fuel cell
Fuel Industrial waste 50tons/day LNG 463m3/h
LNG supply or storage facility
PGV Desulfurizer and humidifire
Major facility Hydrogen recovery facility

Steam reformer
Fuel cell stack

lectricity sale)

Construction cost 25Mil USD 12.5Mil USD
Operation 8.3MIIUSD 4.2Mil USD
revenue (waste treatment, carbonic gas/ e

(electricity sale)

Operation cost

2.1Mil USD
(labor and operation cost)

3Mil USD
(LNG, labor and operation cost)

Experience

Government’s pilot completed
(To be installed scale-up plant)

POSCO power and FCE(USA)
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Certificates and Patents

Item Content Registered HNo Registered Date
Excellent Korean MEP Mark
Product Mon-transferred type Hollow Cathode Plasma Torch ‘}Ef No1456 2003.09
Excellent Korean ) ) - . MET Marlk
Technology Cyclonic Plasma Pyrolysis and Vitrification System &) No K042 2004.09
Patent Long Lifetime Plasma Torch Mo 0456788 200411
Device and Method for Waste Processing
Patent using Plasma Pyrolysis Mo 0520826 200511
Patent Cyclonic Plasma Pyrolysis/Vitrification System Mo 10-0582753 2006.05
Paient R_e-mmbustinn furnace and re-combustion method for Nox2 and CO No 10-0800978 2008.01
disposal
) o PCT/KR2004/ LUSA, China,
PCT Cyclonic Plasma Pyrolysis/Vitrification System 002136 Japan
PCT Apparatus and method for tapping melts in Plasma Torch Melter PCEEI?IE?DEF On-going
PCT Power supply for dual-mode Plasma Torch ch&gﬁl‘ﬁn 03 On-going
1S IS0 9001 SK1114-QC 2006.09
N?;ﬁ:gﬂ;“ Plasma Pyrolysis-Gasification- Vitrification Technology ) Em?rl:’:;%g;t 2008.12
T -
Certification by Non-transferred type Hollow Cathode Plasma Torch — No 271
Technology Plasma Pyrolysis-Gasification- Vitrification Technology W Em?rﬁ;%g;t 200812
Verification by Non-transferred type Hollow Cathode Plasma Torch it No 118

DN\ £ as
Jworld.com
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AP Technology

M Plasma Torch

® Registered as Excellent Korean Technology

(NEP Mark no.1456(KT) : Non-transferred type Hollow Cathode Plasma Torch)
® Long Lifetime Plasma Torch (Patent no. 0456788)

® Superior Performance and Reliability : Creative Design and Technical Development

N = “\

%

100 KW Plasma Torch in operation with air 500 kW Plasma Torch in operation with N2 at the Low -
level Radioactive Waste Vitrification Pilot Plant of KHNP
Applications
Waste Treatment : Gasification and melting of municipal wastes, industrial wastes,

infectious wastes, radioactive wastes, etc. a
Refining : Refining of high purity metals, Recycling of metal scraps.
Cutting torch : Cutting of thick copper and stainless steel plates
Spray : Nano particle production, surface modification and coatings
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Plasma TOrCh @ Home > Technology > Plasma Torch

& Overview
GSplatech plasma torch has the first commercial hollow cathode plasma torch in Korea. It shows the world’s best quality in the
thermal efficiency as well as the electrode life time.

B Products

« Non-transferred hollow cathode torch : 100kW, 350kwW, 500kw, 1MW, 2MW
» Dual mode(transferred & non-transferred operation) torch : S00kW
= RF torch

i Characteristics

= Long electrode lifetime (300hours for 100kW, 500hours for 350kW, over 800hours for S00kW)
= Easy Operation (Current can be changed during operation)

= Variety of plasma medium (Compressed Air, 02, N2, Ar)

s No need of demineralized water for cooling

» Easy and simultaneous replacement of cathode and anode electrodes(within 20 minutes)
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AP Technology

Design & Manufacturing

N

Developing & Evaluation

12
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AP Technology

B Plasma Process

® Registered as Excellent Korean Technology
- Test Operation Period : Nov. 2004 ~ As of 2008
(NET Mark no.042 : Cyclonic Plasma Pyrolysis and Vitrification System)
® Device and Method for Waste Processing using Plasma Pyrolysis TS
(Patent No :0529826)
® Cyclonic Plasma Pyrolysis/Vitrification System
(Patent No :10-0582753)
® Cyclonic Plasma Pyrolysis/Vitrification System
(Patent Pending: PCT/KR2004/002136, USA/China/Japan)

13
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Experience
m MSW facility for Cheongsong County

* Environment NET Certification No 271, Environment NET Verification No 118

&

* Remarks : MSW-Municipal Solid Waste.
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CheOngSOrlg p'asma € Home > Experience > Cheongsong Plasm_a_Ga'_-?iﬁcation
gasification and vitrification plant Vitrification Plant

B overview

Korea‘s first commercial plasma gasification and vitrification system which utilizes the GSplatech’s proprietary non-transferred
plasma torch(200kW X 2) and plasma cyclonic gasifier technology

Cheongsong Plant Torch Test

ﬁ Summary

= Plant Name : Cheongsong Plasma MSW Treatment plant
= Object : MSW(Municipal Solid Waste)

« Capacity : 10tons/day

= Address : Cheongsong County in Korea

= Delivery : 2007.06.15 ~ 2008.03.30



Cheongsong plasma
gasification and vitrification plant

2N Mrarriosar

ﬁ Emission Test Report

Item Cheongsong MSW 10T/d Limitation
Dioxin/Furan{ngTEQ/m?3) 0.03 5
NOx({ppm) 18 150(12)
SOx(ppm) & 70(12)
CO{ppm) 3 200(12)
HCI(ppm) 0.38 40(12)
Dust(mg/Sm?3) 0.43 80(12)

= Dioxin analysis: DKscience (Authorized Institution)
* Ernission measurement & analysis : Gyeongbuk enviornment (Auhorized Institution)
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3 Tons/Day Plasma Pyrolysis and Melting Plant

Object

Capacity
Installed area

Hopper

Reactor

Operation
characteristics

Plasma torch

Off-gas treatment

Post combustion
system

Energy Recovery
System

Any solid state wastes

May vary depending on the property of wastes

Indoor(L 15m W 8m H 4m) / outdoor(L 2.5m W 2.5m H 2m)

Qil pressure type, maximum allowed waste volume @ 20X20%20 o

Cyclonic melter, 1st(L &0cm, W 80cm, H 60cm) / 2nd{inner Dia. 40cm, Height 70cm)

Operation mode @ negative pressure, PLC control

One 100kW torch

Gas cooler, bag filter, wet scrubber

Post combustor, off-gas cooler

B0OkW Syn. Gas Diesel Engine Power Generation Systemn 20Nm*/h high purity H2 Product
System
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Experience

B Radioactive waste vitrification for KHNP (Completed : April, 2008)
* PCT “Apparatus and method for tapping melts in Plasma Torch Melter” ( PCT/KR2008/007101 )
* PCT “Power supply for dual-mode Plasma Torch” ( PCT/KR2009/000145)

\

N~

* Remarks : KHNP-Korea Hydro Nuclear Power Co.
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m

i Overview
Plasma torch melter system using our unique dual mode plasma torch installed at KHNP R&D center. The plasma melting

provides the environmentally stable and economic solution to the low level radioactive waste treatment through vitrification
and volume reduction by plasma torch.

Site overview

Slag pouring
ﬁ Summary

= Project Name : S00kW non-radioactive plasma torch melting system
» Object : Low and intermediate level radioactive waste

« Capacity : 45Kag/hr

= Location : Daejon KHNP R&D Center in Korea

= Delivery : 2007.03.12 ~ 2008.03.11

Transferred mode test

Slag pool in melter
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Experience
B High Purity Hydrogen Recovery from SynGas (99.99%, 20m3 /hr)

Hydrogen recovery system

Qil FCC Semiconductor 'l' -

Hydrogen recovery
Hydrogen car Fuel cell Hydrogen flare

*Remarks : FCC ( Fluidized Catalytic Craking)

16
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Title of
Development

Order
Terms

Purpose of
development

Contents of
development

Expectation

Development of hydrogen recovery technology by waste plasma gasification

Ministry of knowledge econormy

2006.12.01~2008.11.30

High purity hydrogen production by plasma gasification hydrogen recovery system

* First year

- Design of plasma gasification - hydrogen recovery system and manufacturing of 2 100kW oxygen
plasma torch

- Development of plasma gasification technology using PSA oxygen plasma

- syn gas reformer design and production

= Sacond years

- Hydrogen PSA design and manufacturing

- Development of wet scrubbing technique for syngas cleaning
- system optimization

s Expect to increase economical effect in the field of environment energy by producing clean
hydrogen energy in addition to the environment friendly treatment of wates

= Sufficiently competitive to conventional hydrogen process by reduced production cost due to
tipping fee

= Export of the high added-valued hydrogen recovery technology

= True state of the art waste to energy treatment of wastes

Hydrogen flame Hydrogen PSA system Hydrogen PSA internal system
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Experience

m Power Generation by Gas Engine using Syngas [(60kwh)
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Gas engine tecl']nﬂlwy developﬂ}ent @ Home > Experience > Gas engine technology development
E;:felt::pment Gas engine technology development by plasma gasification
Order Small and Medium Business Administration
Terms 2005.04.01~007.03.31
Purpose of

development

Contents of
development

Expectation

Gas engine development using synthesis gas generated from waste by plasma gasification system

= First year
- Gas engine production and install
- Syn gas distribution system production

« Second years

- Optimization of diesel replacement

- Stabilization of gasification - power generation nexus system
- Stabilized supply of syn gas and reduce of off gas pollution

Gas engine development using syn gas has 3 big benefit as energy recovery and waste
gasification technology promotion. And it will be spread out to world as environment friendly
technology of plasma gasification technology. As an application field, place of big
electricity ,steam needed factory such as paper, tire company.
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Syngas from Varlous Wastes with Alr Plasma

MSW
H2:16.3%
CO:12.9%
Industrial M Vinyl 4
H2 : 25.0% H2 :18.6%
CO : 26.0% CO: 16.9%
Sewage Sludge Worn Tire
H2:16.3% | Plasma H2:17.5%
\ CO: 11.2"/3 / * CO: 0.0% I/
\ |
Ash from Coal Power Toxic

H2:13.9%

; Industrial Waste
SO 16.8% < >§/

Ash from Incinerator

v’
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Cheongsong NET Verificatlon Data

k\-"“f“-h_ I LU A
B ey B e ottt 1.
Plasma Torch Gasifier NOx SOx
Voltage / Current Pressure ExhaustDensity Exhaust Density
| E— . ;___.. =) .
IIIII.-H,., B s T R
H: ,CO, CO. Melter temperature & HCL Dust
density in Syngas PCC temperature Exhaust Density Quantity
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Slag Leaching Test & Recycling

\J{l;, TCLP Test (ma/L)
Metal Reject Ash
Cu < 0.000 < 0.000
Pb < 0.000 < 0.000
In < 0.000 < 0.000
Cr < 0.000 < 0.000
cd < 0.000 < 0.000
As < 0.000 < 0.000
Hg < 0.000 < 0.000
i

\ ; . '
< REMARKS >
» Leaching Test Result are officially measured and analyzed by Authorized Agency and certified from

Ministry of Environment, Korea.
- TCLP : Toxicity Characteristic Leaching Procedure

20
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Business Model _ Hydrogen HECOVEW

T e
H2 Recovery : :
Input industrial 3,400 Nm#/h h\

waste 70 tons/day Recovery
B0 tons/day

Waste Heat P Bag |l Scrubber

Recovery Boiler Filter *

= 3 F|a:5|'|'la
Feeder Torch | Deicnized Steam

='—'-
Steam

produce 8.5 tons/h

and consume 8 tons/h
« WGSR : Water Gas Shift Reactor l
- PSA : Pressure Swing Adsorption m

Oxygen PSA

21
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