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Circular Economy and the 4" industrial revolution 1. Introduction: From open to closed-loop

Circular economy is being accelerated as the 4" industrial revolution progresses,
along with the energy transition and resource revolution
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Non-recyclable waste

Non-recyclable waste

* Reduce materials * Some level of product recycling * Focus on full life cycle
consumption & waste * Improve resource productivity resource productivity


http://news.mk.co.kr/v2/economy/view.php?year=2016&no=640581
http://news.mk.co.kr/v2/economy/view.php?year=2016&no=640581
http://news.mk.co.kr/v2/economy/view.php?year=2016&no=640581
http://dangjin.kfem.or.kr/bbs/view.php?id=djkfem05&page=8&sn1=&divpage=1&sn=off&ss=on&sc=on&select_arrange=hit&desc=asc&no=878&PHPSESSID=357ce976b0aec299405b10b6074e5969
http://issuemaker.kr/news/view.html?section=99&category=153&no=1921
http://blog.energy.or.kr/?p=7964

How the circular economy will evolve with the revolution

1. Introduction: From open to closed-loop

New technologies and data platform enabled by the 4t" industrial revolution
will expedite the transition to a circular economy
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= Advanced recycling tech for effective separation
and recycling

= Trace and return system for cost effective
collection and sorting of used goods at a scale

= M2M tech to provide real-time insight of assets’
status and automatically manage them

= Big data analytics and Al to optimize the assets’
performance based on complex data analysis

= 3D printing which enables local, customized and
resource efficient production on demand

= Modular design for easy upgrade and repairs, quick
and cost-effective reuse of components

= Mobile tech for easy access to good and services
everywhere and any time

= Cloud for easy access to large database and
powerful applications

Source: Complied by POSRI, based on Accenture’s 10 technologies for disruption



Six stages of CIosed'IOOP system 1. Introduction: From open to closed-loop

Circular economy is based on ‘closing the loop’ through 6Rs of products and
materials which link to circular business models

Raw materials

supplier

Recycle The series of activities by which discarded
materials are collected, sorted, processed,
and used in the production of new

o products
manufacturer

Reduce

Remanu Returning a used product to its original

Recycle A i
y -facture performance with a warranty that is
Product Remanufacture equivalent to better than that of the
manufacturer \ newly manufactured product

Reuse/Refuyrbish ; i ) -
Reuse Using product multiple times within its

: functional life by different end users
Reducsa Refurbish | Bringing product back to required

aesthetic specifications

Repair Fixing faults or damage bringing product

Reduc@ back to required functioning order

Incineration
=Tale M F=Talojill

Source: Compiled by POSRI based on EMF, McKinsey and Philips

Reduce Decreasing the amount of material,
energy and other resources used to
create the product




Steel from a circular perspective: Circular advantages 2, Current status and challengeSiIEEICIE RN

Steel has many circular advantages such as infinite recycling without loss of
properties, permanent material, and easy separation and recovery

@ Efforts to reduce weight and emissions If the vehicle weight is reduced 10kg,

Fuel Effiency 2.8% 1
Manu- Weight reduction

facturing of auto sheet

/ (e.g. AHSS)

Weight reduction

of vehicle CO, emissions 4.5%

Nox emissions 8.8%

@ Long service life of steel applications

steel use(’16) & Buidlings and Infra. Mechanical equipments  Automobile
Use se.ﬁﬁc:ﬁf(e (Y) ) M 50% &L 16% \ 13%
- &= 10~20yrs 15 yrs

/ 2.2 507100 yrs

@ Recycling advantages both in terms of quantity & quality

Disposal/ _ 70~90% (AI 42~79,% Mg 39%), 650 Mt recyc‘ed annually

Recycling _ Without loss of properties
_ Easier to remove impurities than other materials

Source: UNEP(’11), worldsteel(’15), KISTI(Korea Institute of Science and Technology Information) etc.




Steel from a circular perspective: Environmental impact  , ¢y rent status and challenges in the steel industry

However, steel has relatively high environmental impact in its production phase
compared to other key materials

[Overview of eight key materials and their environmental impacts (relative)]

Material Production Greenf.\ogse EH Water. Land use
Volumes (tons) emissions consumption

Steel 9% 23% 2% 0%
Aluminium 0% 1% 0% 0%
Plastic 2% 3% 1% 0%
Cement 21% 30% 0% 0%
Glass 1% 2% 0% 0%
Wood 14% 1% 0% 52%
Primary Crops 47% 14% 96% 22%
Cattle 6% 26% 2% 27%

Source: ‘Circular economy and environmental priorities for business’, Ecofys and WBCSD, May 2017



Steel from a circular perspective: Material flows

2. Current status and challenges in the steel industry

Scrap recovery rate varies from 50~90%. There are still considerable losses of
material and energy with each stage of production and use

Input

Raw
Materials
: Iron Ore

& Coal

Energy
: Fuels,
Electricity,

Industrial
gas

Steelmaking Steel-Using Industry

Scrap Recovery rate

- Iron ore 14t, | {”E',:' 85%

. CoalO8t ¢ BOF BUILDINGS BRIDGES 50~100 yrs

g i Total Ferrous

. Steel Scrap : i T o,

il & ») 1855/0 Scrap(‘17)

.................................... CARS yrs . 650 Mt
Energy Recovery & Loss

S — ; ‘ﬁ o

. Hot metal D 90%

: MECHANICAL ~

________ Coal 0.8t : @ EAF EQUIPMENT 10~20 yrs

DRI & Scrap ' Obsolete
T D 50%

..................................... e 5~50 yrs
Energy Recovery & Loss APPLIANCES

Slag, Waste |gas etc.
Home Industrial
Scrap Scrap

Source: worldsteel factsheet: steel and raw materials, world steel outlook(2017-2018), world steel recycling in figures (2013-2017)



What causes circular Ieakages in the steel mdUStry 2. Current status and challenges in the steel industry

Losses and waste are coming from material complexity, geographic dispersion,
lack of incentives and infrastructure

\WECIEE]
complexity

Geographic

dispersion

Lack of
Incentives

Lack of
infrastructure

e Mixed streams of products from different industries
e High level of material variation and complexity
e Difficulty in identifying, separating and recycling materials

* Recovery/recycling system mostly localized and fragmented
- scrap collection rate, recovering/recycling technologies and costs
e Disjoint supply chains

e Low intrinsic value of products/material per unit
e Lack of markets at scale and ‘right’ policies

e Lack of data and infrastructure to support closed-loop system
- global material flows, life cycle environmental impacts
* Need for greater digitalization of the recycling chain



UnderStandmg the value chain Impact 3. Towards closed-loop system for the steel industry

Circular economy will affect not only steel making processes but also the entire
value chain of the steel industry

Eig:‘;’,‘,’,’;, Raw 'Manufacturing 1 Product Logistics
Materials /Process & Service
* Product develop- ¢ Enhanced * Minimize losses = Ultra light, high * Reverse logistics
ment & design recycling of and improve strength & high for wider range of
based on life cycle resources environmental performance product categories
analysis impacts

* longer service-

life, recyclable steel
* Process innovation ¢ Substitutable * Smart tech-based * Circular economy

A * By-products as a
with carbon free renewables, eco- management of data platform
. source of revenue
and zero waste friendly raw resources and and e-marketplace
. stream
materials waste streams

Changes

N G giicslls  POSCO yunirion

thyssenkrupp
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https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjR5onS5_LcAhWEwbwKHUkMDjUQjRx6BAgBEAU&url=https://www.siderweb.com/articoli/news/697755-posco-pronto-il-forno-monstre&psig=AOvVaw0Mu04H8qgUsG0nhKZC-TrK&ust=1534551403443034
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiyrYHh5_LcAhVBwbwKHR_lBUoQjRx6BAgBEAU&url=https://www.glassdoor.co.in/Salary/mjunction-services-limited-Salaries-E369971.htm&psig=AOvVaw1GDeP09M3TY4FpJMiVv2ct&ust=1534551437431554
http://www.sakaltimes.com/business/thyssenkrupp-train-150-youths-13948

Case examples - Nucor 3. Towards closed-loop system for the steel industry

[Nucor]| Advanced scrap-based steel production mills

5)
Minimill

B Thin Slab Casting ** Reduce energy intensity

* Thin slab(50mm) . .
: and carbon emission
e * Faster casting speed &
' less energy consumption %+ Reduce the cost of input
* Dust & water recycling

raw materials, inc. scraps

— 300 - 4 ———————————p

%+ decentralized recycling
among scrap sites and

Micromill * Thin strip steel(0.7~2mm)
, supcB * Faster production and more responsive customers
order and timeline .

. +* Enable to produce
* Much less energy consumption and . .
CO, emission ultra-thin cast strip

* More adaptable and applicable and increase the
to install nearby scrap production sites productivity
or customers

Source: ‘The Castrip® Advantage’, Castrip LLC, 2018



Case examples - POSCO 3. Towards closed-loop system for the steel industry

[POSCO] Product innovation from a circular perspective: PosMAC, GIGA Steel

& Eco-friendliness, recyclability in particular,
will become a key to product quality.”

GIGA Steel = 1,000MPa

(mega pascal tensile strength)

€O, 60%

Compared to conventional cement

. * High performance and easy * Higher slag contents

S fabrication replacing cement clinker
* High durability and longer - Max. 5% - 40~60%
life cycle * Improved physical

properties e.g. pressure
resistance and strength

* Life cycle impact reduction
- roughly 10% in vehicle

* Establishment of LCI(Life Cycle Inventory) DB for POSCO WP(World Premium) Products
* Promotion of EPD(Environmental Product Declaration) Certification

Re-use or recycling
options are
available at the end
of the life cycle

Enhanced
environmental &
gualitative credentials

Optimize resources
& energy in the
entire life cycle

Energy
Saving



http://johndayautomotivelectronics.com/bosch-plans-for-autonomous-driving/
http://circulareconomy-worldsteel.org/
http://circulareconomy-worldsteel.org/
http://circulareconomy-worldsteel.org/

Case examples - Tata Steel

3. Towards closed-loop system for the steel industry

|[Tata Steel] Sharing platform for scrap and by-products (e.g. secondary steel)

junction

innowaling lor oulcomes

* Established in 2001
by Tata Steel and SAIL

* Transaction value:
$13.8M in 2002
-> $9.45B in 2016

14M

tonnes of steel sold

300M

tonnes of coal sold

6,000CR = 60 bil. rupee

worth idle asset sold

“The world’s largest e-market for steel,
India’s biggest e-commerce company”

-

jjunction

Bid for secondary, over-
rolled, scrap, by-products
Buying from 12,000
registered bidders & 10

KPIants

~

4

valuejunction’

* Sale of idle assets, which
include industrial

assets, stressed assets
and retail surplus

for Seller,

Efficiency improved
- Reduced time,
cost, inventory

Better Price &
Revenues

Transparency

Digital

Platform

\_

~N

J

for Bidder,

Reliable
transparent
transaction

Logistics &
inspection

Convenience &
Service



Case example . ThyssenKruPp 3. Towards closed-loop system for the steel industry
[ThyssenKrupp] Cross-industry utilization of CO, as a valuable raw material

The Carbon2Chem® project

SPONSORED BY THE u fuel Products

* Federal Ministry Me\\’\an‘)\.‘g
y of Education gynmes g
and Research N
: 7, R =
B > \\3-
)

Carbon2Chem® Project

* Goal: Using emissions from
steel production as raw material |
for chemicals

* Status: Pilot plant (in Duisburg)
construction completed, start
operation in the 2" half of 2018 |

* Values: @ Cost-effectiveness
and fossil fuels savings, 2 CO,
reduction, 3 Jobs and growth

*20mtCO,/y reduction from steel industry

thyssenkrupp if fully implemented

© thyssenkrupp AG 2018. All rights reserved

e ————————— = = = = e e e e e e e e e e e e e e em e e e e e e e e e

For energy

efficiency,
aste gas - power plant
-> CO,+power

Value creation

) .
in a circular economy

4 (methanol, polymer, etc.)

13/18



Ly 'Y model for the steel mdUStry 3. Towards closed-loop system for the steel industry

@ Process Innovation

Resources

Other
Loop

. By-products as
raw materials in

Recycle .
(e.q. chemicals,

cement)

Refurbish/
Remanufacture

Other
Loop

Wastes as a raw /
materials in other

value chain. Q

Py Od\)c,’& @ Product Innovation
(3 Closed-loop Steel Platform \,

other value chain.

14/18



3. Towards closed-loop system for the steel industry

@ Process innovation — Circular economy and global climate action with the
4 industrial revolution will lead to eco-friendly steel making processes

Energy
Saving

Recycle

New
Iron-making
Process

* Hot Oxygen Injection
* BF Heat Recuperation
* Plasma BF

* BF Slag Heat Recovery

* Basic Oxygen Furnace Slag
* RHF Dust Recycling

* Recycling of Waste Oxides
* in Steelmaking Furnace

* FINEX

* COREX

* Tecnored
* ITmk3

Carbon
Capture

Carbon
Utilization

Carbon
Free

* Advanced Direct Reduction with
Carbon Capture and Storage(ULCORED)

* Carbon Capture & Storage Technology

* Using CO/CO, from steel mill as feedstock
for valuable products like basic chemicals

* Carbon2Chem, Steelanol, FReSMe

* Use of renewable electricity in basic
steelmaking

* Hydrogen Reduction Process


https://en.wikipedia.org/wiki/File:Recycling_symbol.svg
http://heatbypump.com/tag/energy-efficient/
http://science.howstuffworks.com/environmental/green-science/carbon-capture.htm
http://science.howstuffworks.com/environmental/green-science/carbon-capture.htm

3. Towards closed-loop system for the steel industry

® Product innovation — Maximize the product’s circularity (e.g. longevity and
recyclability) and minimize the life cycle impact of products

* Products are designed to minimize the resource and energy

Design for intensity across the life cycle

closed-loop product = Design for long service life, efficient reuse and remanufacture

- e.g. modular steel buildings

= Assess the product’s life cycle impact or environmental
Explore life cycle footprint to identify strengths and weaknesses

implications = Review current and emerging customer requirements and

understand their life cycle implications

vr‘~¢~’*\ = Further improve by-product recovery rates and expand its
X use by improving the quality of the materials recovered

Create value from
by-product i3

'
‘i"

2 W AN
P 3

{ll

= Channelize by-products for commercial applications
like slag being used in concrete and road construction

x/ At‘/
’\,

{3
i

Image credit: worldsteel



3. Towards closed-loop system for the steel industry

@ Closed-loop Steel Platform — Data/digital infrastructure for increased
resource flow efficiency

“Information is at the heart of ensuring that business around the world can
make the right decisions to eradicate waste and use resources efficiently”

EMF, Intelligent Assets: Unlocking The Circular Economy Potential, 2016

Material Materials information e.g. key characteristics
Registration incl. usage, availability, other pertinent
Platform qualities
. Buying and selling of waste streams, idle or
Material L ] £ )
end-of life assets among players at scale
Circular e-Marketplace
- scrap, by-products, obsolete equipment etc.
Economy
Platform Resource Usage of resources registered in the system
Statistics and their associated flows
Environmental Life cycle environmental impacts e.g. carbon
Performance and water footprints
Data

Source: Complied by POSRI, based on EMF, Accenture and DistrictOx reports



4. Concluding remarks

The steel industry will face many stumbling blocks in order to achieve a
closed-loop system which will bring enormous changes in its value chain

v’ Steel has many circular advantages in recycle, reuse and remanufacture, however there is
considerable potential for improvement

v’ To respond to circular economy challenges and opportunities, there are three key areas of
focus:

- Process innovation for reducing energy and resource intensity, and eco-friendly steelmaking
processes with CCUS(Carbon Capture, Utilization & Storage)

- Product innovation for maximizing the circularity and minimize the life cycle impacts

- Create a ‘Closed-loop platform’ across the supply chain for the steel industry to increase
resource flow efficiency

Deeper collaboration across the supply chain is needed based on a closed-loop, circular
economy platform in order to stay competitive and capture circular biz. opportunities



Thank you!
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If you have any comment and suggestion
on this presentation, please feel free to send
an e-mail to ‘jgoh@posri.re.kr’.



