This product is a "New Technology Applied" product that has been verified by the Minister of
Trade, Industry and Energy in accordance with Article 15-2 (3) of the

"Industrial Technology Innovation Promotion Act" and Article 18-4 of the Enforcement
Decree of the same Act.

Urban Qil Field

Pyrolysis oil-conversion companies /
Adding value to the environment. Urban Oil Field technology comparison

+ Eco-—friendly decomposition and treatment of plastic and plastic—
film waste

+ Production of liquid fuel from plastic and plastic—film waste




Traditional oil-conversion technology: Pyrolysis oil-conversion

technology OCITYOLFELD Y g W

We Add Value into the Environment SIXZIo|¢]

List of Korea's leading traditional pyrolysis oil-
conversion technology companies

*Urban Oil Field Co., Ltd. is a company using a non-traditional, non-combustion wavelength-decomposition
oil-conversion technology.

Eco Creation (Seo-gu, Incheon)

Eco-in Energy (Yuseong-gu, Daejeon)

Rebotech Co., Ltd. (Mungyeong-si, Gyeongbuk)
Saehan Recycle Co., Ltd. (Jeongeup-si, Jeonbuk)

Smart Green Energy Co., Ltd. (Gangjin-gun, Jeonnam)




Traditional Oil-conversion Technology: High-temperature Pyrolysis o CITYOILFIELD Y K| NI
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i _Oil mput (auxmary fue | [ lona1mechnology— >

- combustion facility I3 xed combustion method using a burner

' Operation of the meltingeactbr.in
_ traditional oil-conversion technology
(combustion-burner ignitign)

Smoke emitted from the chimney (flue)
during the traditional oil-conversion
process




Technology Comparison
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Category Pyrolysis Method Urban Oil Field
Decomposition Melts and decomposes all waste using a burner Uses ceramic waves to decompose only the waste plastics among the
method waste
Decomposition 400~1,100°C 270°C~300°C
temperature
Decomposition heat Oil or Gas Electric Power

source

Reactor

Cylindrical rotary type (Rotary Kiln)

Fixed type (Batch Type)

External outlet

Yes

No

Pollutants

Yes — generates dioxins, NOx, SOx, and odor

No — only trace amounts contained in waste plastics (within environmental
standards)

Production yield

Target 60%

(EPR average) 40% / (agricultural waste) 80%

Daily processing
capacity

Current 2 tons / Target 10 tons

(NET-certified) 24 tons/day

Feedstock Pre-treated fluff (Fluff: plastic-film pieces) Waste discharged by collection/sorting companies is fed in without pre-
treatment
Sludge (wax, ash, heavy-metal impurities, etc. Solid carbide and foreign matter (glass, stones, metals, etc.) at the
Residue mixed in fine-powder form) bottom of the basket B Metals are separated and recycled
» Must be entirely consigned and disposed of as “industrial waste” » Solid carbide can be recycled as an eco-friendly solid fuel
Refine N o _ . - Primary decomposition process: mostly pure liquid heavy oil (high
d fuel Composition | Waxed liquefied mixture (requires dgvelopment of a secondary refining hydrocarbon content)
oil Ui Secondary refining process: clean light fuel oil
No (auxiliary preheating fuel (diesel, gas) must be added for use ) ) ) o ) X
Use b incurs additional costs) Yes (immediately usable as a light fuel oil with a pour point of -40°C)
- Cannot remove the chlorine/sulfur/heavy-metal ) ) ) ) )
. . . - Meets national quality standards (recycled fuel oil, refined fuel oil)
) components contained in waste plastics at all
Quelity . Cannot separate and remove wax components to prevent jellification. -~ Substances harmful to the human body measured below quality-
. e standard values
- Below the low-quality standard » commercialization and sale
impossible - Energy calorific value B high calorific value of 10,000 kcal/kg or




Process Comparison (Pyrolysis Method)

St o x|

. - Tl 2 @s) A B T
@ Fuel used: fossil fuels (auxiliary fuel + burner) == ceE
SO 52120210525 1416 =0

The traditional pyrolysis technology — the
“combustion type”

@ Manual waste loading/unloading (direct
worker involvement)

® Manual equipment-door opening/closing
(direct worker involvement)

@ Rotary kiln type (dust, noise, etc.)
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Venture Enterprise
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® Has a chimney (combustion type)
.Pyrolysis Reaction R&D

Combustion flue
gas treatment

Auxiliary
fuel comb.

Pyrolysis gas
combustion system

= Recovers liquid fuel from waste
= Diverse end-use applications for products

= Market entry via plant commercialization

H X2 H S (Fluff:H|'E =2})

Pre-treated fluff (Fluff:

reated i HEof A
plastic—film pieces)

HES (Olo|x|=8H= o4 x|7| 2 ET2)

Automated Process

Reaction system
m Refining & upgrading system
Residue treatment system

Product Refining R&D

Feedstock ROty K i Wax St Physico-chemical refining & oil Final product
input pyrolysis separation istillation upgrading of pyrolysis gas / oil upgrading (light oil, heavy oil)

Pyrolysis gas

Final product
(high-value byproduct)

Residue Treatment R&D

( Technical Features \

= Reduces environmental pollutant emissions
= Economic gains from eco-friendly renewables

= Resolves plastic waste disposal issues



Process Comparison (Urban Oil Field) o CITYOILFIELD
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Non-traditional oil-conversion technology (the “non-combustion type”)

@ Fuel used: electric energy only

@ Automated waste loading/unloading system: ensures waste quantification, worker safety, and Yield: (EPR average) 40% / (egricutura
equipment stability waste) 80%

® Automated equipment-door opening/closing system: ensures worker safety and equipment stability
@ Fixed type (no vibration, dust, or noise / easy maintenance)

Shipment
« Hanwha

Physical catalytic reaction 2
Cs ~ Cao a Chemical catalytic reaction
(Co ~ Cis)

|
I
I
IEeEREYULH| :
ZraEmzis
(HSIAER)

f
Low-temp pyrolysis facility (core) Separation & refining facility (core)

Oil vapor -

Rl B 53 ’dﬂ.ﬁ_ |
BPPEFS other) ||

: I
-
!

Electric + ceramic catalyst Electric + ceramic catalyst

(~270°C £20°C) (~290°C) b KOMIPO

RIEEL )

HyEeol oeAez 5%




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison QOCITYOLFIELD Y g ﬁﬂ

» Difference in the energy source consumed We Add Value into the Environment iXgel2|¢

x ﬁmﬂ :

Non-traditional (Urban Qil Field) Oil-
conversion Technology

Traditional Oil-conversion Technology
(Auxiliary fuel input, combustion type) (Heater rods (electric) + ceramic balls,

non—combustion type)

| — R
) ¥ W aDnor Aias

e Urban Oil Field Co., Ltd.
No “auxiliary fuel” input

e > XHALE X2] R&D

- IERRE oy 0 214 I - Y 208 M MiE 2 .
. 1% ME WS S 1% . DEE MR a2 T T Source: Korea Institute of Energy
. HIE AIZIE T A WA e . EAIAL B M| Clg Research (2021)



Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison
» Field applicability (system automation, maximized worker

safety)

QOCITYOLFIELD Y g ﬁﬂ

We Add Value into the Environment ""7‘1"*°"|°1 o wmavs

Traditional Oil-conversion Technology
(Equipment (forklift) - direct worker
involvement)

Non-traditional (Urban QOil Field) Oil-
conversion Technology
(System automation, robot and PLC




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison QO CITYOLFELD Y J

» History of loading-method technoogy development (Urban Oil Field) jUCRNel AR RGN T igi i L ki)
During the commerdialization R&D period, attempts and experience with forkift
(equipment)-based waste loading led to the conclusion that “quantitative waste input,
accuracy, convenience, and worker safety” could not be secured. Therefore, an automated
BOX-type + rail-type waste-loading method was developed and oompleted

BT N Caadadl
i o N Sy | A “"‘l'

4
Y |

Commercializ : cia : Commergcializ -
ation R&D, R ion R&D* ation’ R&ﬁ’

Commercia |IEatI0n dam

BOX & rail +iautomated Iogllcs
rolwte e ‘oo |




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison
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» Field applicability (system automation, maximized worker safety) We Add Value into the Environment  HINZQ9Ig

Traditional Oil-conversion Technology
(Manual door opening/closing, direct
worker involvement)

Non-traditional (Urban Oil Field)
oil-conversion technology (door
open/close system, PLC applied)
d worker safety,




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison QciTYoLFELD Vg @@

.
-.'

» Difference in the energy source used when processing plastics e Add Value into the Environment  HIX&012|¢d

Traditional oil-conversion technology Non-traditional (Urban Oil Field)
(combustion type, melting method, oil-conversion technology

burner use) (non—combustion type, electric energy only)




Resource Recovery Facility (Incineration Facility) o CITYOILFIELD VY 4 w

Specification (Ministry of Environment) We Add Value into the Environment  HX{&t17|g)

Venture Enterprise

1) Resource Recovery Facility @ Incineration facility (incl. pyrolysis-melting, gasification facilities, etc.)

(A) Combustible Waste - Areas installing a facility of 100 tons/day or more (300 days/year basis); even

where unavoidable due to local conditions, areas installing a scale of preferably
50 tons/day or more.

A local govemment seeking to install a combustible-waste treatment facility

must conduct a waste-characterization analysis of the waste generated within its 4
treatment zone (analysis data by waste type, by source, and across the four ,'!
seasons, etc.) in order to secure the appropriateness of the treatment method i
and the economic feasibility of the financial investment. ]
| M Clean Air Conservation Act Enforcement Rule [Table 3] <Amended Dec. 30, 2020>
@ Incineration facility (incl. pyrolysis-melting, gasification facilities, etc.) ;‘ Air Pollutant-Emitting Facilities (re: Article 5)
- Areas installing a facility of 100 tons/day or more (300 days/year basis); even '} 1. Air pollutant-emitting facilities applicable until December 31, 2019

where unavoidable due to local conditions, areas installing a scale of preferably

A. Criteria for applying emitting facilities
50 tons/day or more.

1) The scale of an emitting facility is based on the facility's weight, area, volume, heat
output, power (kW), etc., taking the maximum facility scale. Where two or more
facilities of the same kind below that scale (excluding storage facilities for solid
particulate matter of 1 mm or more in diameter, and research facilities not run for
business that the Mayor/Governor recognizes after considering surrounding
environmental conditions) are installed at the same business site, and their total
scale is at or above the scale specified in the target emitting-facility column of item
B, those facilities are included as emitting facilities. However, where two or more
emitting facilities are connected to a single power source and operate
simultaneously, the scale of each is calculated in proportion to its power
requirement.

% Example of incineration capacity & budget (draft) estimation (mechanical treatment + incineratian)
@ Target waste generation: 46 tons/day

@ Actual installed facilities & capacity: mechanical treatment facility (non-combustible
removal, etc.) 62 tons/day + incineration facility 47 tons/day (incl. gasification
facility)

3 Budget (draft) estimate (based on incineration capacity): 60 tons/day (46 t/d x 365
days + 300 operating days + 0.95 <operating rate, if needed>), 60 t/d x 310M
won/ton = 18.6 billion won

-+ Facility capacity is estimated as the pure fumace design capacity, excluding the
capacity of mechanical-treatment facilities installed to raise incineration efficiency
(e.g., if waste = 46 t/d, mechanical treatment = 62 t/d, incinerator = 47 t/d, then
the incineration design capacity = 46 t/d).

2) Notwithstanding item B, the following facilities are excluded from air
Priority support where the facility is installed in an area able to use, supply, and pollutant-emitting facilities:
sell recovered steam, electricity, etc., via waste-heat recovery equipment. A) Indirect heating facilities that use electricity only

% Criteria for selecting the treatment method by local condition (draft)
@ Areas where constant use of incineration waste-heat is easy — incinerate entire

volume
@ Areas that must produce heat & electricity seasonally . . . .
— basic mechanical treatment (sorting non-combustibles such as cans), then Guidelines on National SUbSIdy Budget Support and
incineration (waste heat converted to heat & electricity) Integrated Administration for Waste Treatment Facilities
@ Areas where heat use is difficult . o .
- 1) mechanical treatment for homogeneity (separating non-combustibles & food (Feb 201 3) = MInIStry Of Environment

waste), then incineration (power generation), or 2) RDF production




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison QOCiTYOLFELD Y g

p Difference in reactor TYPE We Add Value into the Environment IXE19|Y

Traditional Oil-conversion Technology| Non-traditional (Urban Oil Field) Oil-
(Rotary kiln, rotary type) conversion Technology

. | i T (Fixed type, no vibration/noise/dust,
easy maintenance, safe)




Traditional vs. Non-traditional (Urban Oil Field): Process

e, OCITYOLFELD Y g M

» Presence of a chimney (flue) We Add Value into the HIMERIIIY o ees
Environment '

Non—traditional (Urban Qil Field)

Traditional Oil-conversion

Technology oil-conversion technology (indirect
(Combustion-type process, heating facility, electric energy only)
chimney (flue) required) — no chimney (flue)

Panoramic wie) .Lyvaluation facility
inside thel®€oul. Metropolitan-Landfill .
(dronesshot ’




Traditional vs. Non-traditional (Urban Oil Field): Process

Comparison QO CITYOLLFIELD Y

» Air-circulation temperature-control method :
» Continuous operation We .Add Value into the
Environment

Traditional vs. Non—traditional (Urban Qil Field): Process Comparison
(After process completion, temperature is controlled using a blower (ensuring safety and stability) »
securing continuous—operation reliability)

Internal temperature OUT of the low- Blower Controlled air temperature
temperature decomposition facility (Main-unit air-circulation IN to the inside of the low-
— Water—cooled heat exchanger device) temperature decomposition facility




Traditional vs. Non-traditional (Urban Oil Field): Process Comparison
» Heavy-oil separation and refining method (distiller —Traditional vs. o GITYmL FlEI-D \ 3 M
Non-traditional (Urban Oil Field): Process Comparison We Add Value into the HIXEI[Y] - :

Environment S

Separation/refining facility (1st refining facility):

3
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Separation/refining facility (distiller) Separation/refining facility (2nd refining
facility): chemical catalytic reaction



Equipment Comparison
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Category

Oil-conversion Company

Urban Oil Field

Primary

decomp.

unit

Second
ary
refining
unit

None

I ﬁ.ﬂ- i.i!- ] £
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Refined Oil Comparison N
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Category Oil-conversion Company Urban Oil Field

Refined oil

» Urban Oil Field can separately produce light oil and heavy oil: because the flash point
can be adjusted,
it can supply the fuel oil that customers need.




Residue Comparison

Residue form

Why is it important?

QOCITYOLFIELD Y g ﬁﬂ

We Add Value into the Environment ""*1 °'7|°‘

_treated-in-the future.

» Realizing a solution for “with what technology... and how"” the residue will be

Category Oil-conversion Company Urban Oil Field
Form
Properties Loss of shape due to high—-temperature heat Carbonized carbon (similar to charcoal) + non-ferrous
metals + glass, etc.
Fuel recycling . . Lo :
No Yes — higher quality than bituminous coal (calorific value of

potential

5,000 kcal/kg or more)




Refined Fuel Oil Test Report

Final refined, clean liquid light oil
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Venture Enterprise

Korea Petroleum Quality & Distribution Authorit!hEm;f::i32;\:?;3?“?&::;5;:‘;“&:?:;

Petroleum Technology Research Institute
cfrn wrvrws kpetro.or kr TEL: 043-240-7580

FAX: 043-240-7997

TEST RESULTS (COPY)

Report No.: TS5C2018-0317W

Sample: [Desiyujeon / Univ. of Ulsan] Analysis of recovered energy from the
waste plastic of the R.G.O System

Test Item unit Result Test Method

Carbon residue (micre method) (mim} % 0.01 K5 M IS0 10370:2015
Met calerific value Mg 41,170 KS M 2057:2006
Gross calerific value Jig 43,900 K5 M 2057:2006
Sulfur content (ED-XRF) (m/m} % = 0.030 KS M IS0 8754:2016
Water content (m/m) % 0.5 K5 M 0010:2011
Water and sediment (uiv) % < 0.05 K5 M IS0 3734:2011
Flash point (Pensky-Martens oc =400 KS M IS0 2719-2003
closed cup) (Method B}
Ash content (m/m} % 0.001 KS M SO 6245:2008

cd mg/kg =1

cr mg/kg <1 Inductively Coupled
Metals Plasma {ICP)} atomic

Pb rngkg <1 emission spectroscopy

As mag/kg <1
o moig <1 somic st
Density (15°C) kg/m? 809.9 ASTM D4052-16
Chlorine content mg/kg 545 K5 M 2457:2003

- next page -




Refined Fuel Oil Quality
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Comparison

RGO Substances harmful to the human body P below quality-standard values.
Energy calorific value » high calorific value of 10,000 kcal or more

Refined fuel ol

. Utben Ol Feld Test Repott QuAly Sendads inderthe Enforcement Rue of the Wesies Contrdl At
egory (Issued by: Korea Petroeurn Quelly & (Source: Korea Petroleurn Qualty & Distibution Authoriy)
Disiibuiion Athorty)
RepatNo. TSC2018-0317W Recycediuedl Refnedfuglal Solid fuel (SRF)
Flash point © Below 40.0 30.0 or more
Pour point (Air/P) © Below —48
Density (15°C) kg/m2 809.9
Residual carbon (m/m)% 0.01 0.15 or less
Water and sediment (Vv/v)% Below 0.05 0.50 or less
Ash (wt%) (m/m)% 0.004 0.05 or less 20 or less
Sulfur (wt%) (m/m)% 0.04 2.5 or less 0.20 or less 0.6 or less
Cd Cadmium ma/kg Below 1 1 or less 1 or less 5.0 or less
Cr Chromium ma/kg Below 1 50 or less 1 or less
Metals Pb Lead ma/kg Below 1 100 or less 1 or less 150 or less
As Arsenic mga/kg Below 1 2 or less 1 or less 13.0 or less
Hg Mercury ma/kg Below 1 1.5 or less 1.0 or less
© Carbon (m/m)% 84.88
Bee
H H Hydrogen = (m/m)% 12..01
eyt
N Nitrogen (m/m)% Below 0.75
Net calorific value (kcal) 9,802
Calorific
value Gross calorific value 10,452 3,500 or more 3,500 or more
el 2



Petroleum Product Analysis Comparison Table — Recycled Fuel Oil

Metals

Elem
ental
analy
sis

Calorific
value

Category

Report No.
Test completion date

Flash point

Pour point (Air/P)

Density (15°C)

Residual
carbon in
10% residue

Water and sediment
Ash (Wt%)

Sulfur (wt%)

Cd Cadmium

Cr Chromium
Pb Lead
As Arsenic
Hg Mercury
C Carbon
H Hydrogen
N Nitrogen

kg/m2

(mim)%

(V)%

(m/m)%

(m/m)%

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

(m/m)%

(m/m)%

(m/m)%

Net calorific value (kcal/kg)

Gross calorific value (kcal/kg)

TSC2016-
1061R

2016.04.20

Below 40.0

Below -57

812

0.07

Below 0.05

0.004

0.04

Below 1
Below 1
Below 1
Below 1
Below 0.1

85.47

12.17

Below 0.75

9,664

10,319

Urban Oil Field Test Report
(Issued by: Korea Petroleum Quality & Distribution
Authority)

TSC2017-
2991E

2017.08.16

Below 0.0
(Tag closed-cup)

Below -57

801.7

0.06

Below 0.005

0.002

0.036

Below 1

1
Below 1
Below 1
Below 1

84.65

12.82

Below 0.75

10,033

10,724

TSC2017-
3036W

2017.08.21

Below 40.0

Below -57

801.1

0.03

Below 0.005

0.001

Below 0.030

Below 1

1
Below 1
Below 1
Below 1

84.77

12.68

Below 0.75

9,910

10,593

TSC2018-
0317W

2018.02.09

Below 40.0

809.9

0.01

Below 0.05

0.001

Below 0.030

Below 1

Below 1

Below 1

Below 1

Below 1

84.88

12.01

Below 0.75

9.802

10,452

We Add Value into the Environment

O CITYOILFIELD

I

HIX|24017|2]

Venture Enterprise
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Quality standards for petroleum and alternative petroleum fuels
(Source: Korea Petroleum Quality & Distribution Authority, 2016.05.21)

Diesel

40 or more

0.00 or less
(Winter -17.5
or less)

815 or more ~
588 or less

0.15 or less

0.02
or less

0.02
or less

10
or less

9,050

8,450

Kerosene

38 or more

0.02
or less

0.01
or less

8,950

8,350

Byproduct
fuel oil

40 or more

-20 or less
850
or less

0.15
or less

0.01
or less

0.02
or less

0.1 orless

Refined
fuel oil

30 or more

0.15
or less

0.5
or less

0.5
or less

0.2
or less

1 orless

1 orless

1 orless

1 orless

High-temp.
pyrolysis oil

30 or more

0.15
or less

0.5
or less

0.5
or less

0.2
or less

1 orless
1 orless

1 orless

1 orless




Urban Oil Field / Competitor Economic Feasibility Analysis
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Other pyrolysis oil-conversion

f Urban Oil Field
companies
(as posted on their website)
Daily throughput 10 tons/day 24 tons/day

(process)

Equipment type

Primary decomposition facility

Primary decomposition facility
Secondary refining facility

Equipment and
workspace

Approx. 160 pyeong (~530 m?)

Approx. 300 pyeong (~990 m?)

Process time

14-16 hours
+ (natural cooling)

Blower cannot be installed
because it is a rotary kiln

(rotary type)

19 hours
+ (5 hours of cooling via blower) —
blower can be installed
because it is a fixed-bed
sealed type

Reaction temperature

350~480°C

270+£20°C

Final fuel oil

Kerosene/diesel grade

Naphtha, diesel grade

Yield

50%—-80% (not specified)

40% (EPR) — 80% (PE, PP, PS)

Monthly operation count

18 times/month

25 times/month

Refined-oil sales revenue
(per ton)

KRW 550,000

KRW 700,000

Monthly revenue

KRW 66.83 million

KRW 190 million
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A company that adas energy to
the environment

Jrioan Ol FHeld Co, Ltd. will lead
the way.

Thankyou




