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Starting point: ERC-FINEPRINT
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Global crude metal ore extraction
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Socioeconomic metabolism (SM) e
: . : A print
A graph visualization e

a. Comprises All biophysical transformation/distribution processes/flows, controlled by

humans.
b. Constitutes the self-reproduction/evolution of the biophysical structures (BS) of human
society (‘in use stocks’).

SM & BS together form the biophysical basis of society!
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Legend: . Resource, material,

Transformation process I:I Market B Stock —_ and product flows

________________ : System boundary Emissions

(Pauliuk & Hertwich 2015, Pauliuk et al. 2015)



,2ohortcomings“ of MIOTs

. : : fineprint
for assessing physical supply chains

First processing steps are highly aggregated in monetary I0Ts
Assume proportionality between physical and monetary flows
Low prices for bulk materials adds uncertainty

Assume that materials and money always (!) flow in opposing
direction

MIOTs do not include non-market flows.
Treat capital formation as final demand: Endogenization?



Example Study; (Cullen et al. 2012)
Material flow analysis (MFA) of steel

Reduction Steelmaking Casting Rolling / Forming Fabrication End-use products

Global demand for steel goods
= 1088 million tonnes

Oxygen Continuous Hot Cold
Blast furnace blown fumace casting (slab) strip mill [ rolling mill

N\
S SR eraten 12

r Steel product casting

Iron foundry casting

End-of-life
cast iron scrap

Forming scrap 99

§ Global steel flows for 2008
Fabrication scrap 186 in million tonnes




From Extraction to Fabrication

fineprint
. . prin
using physical supply-use tables
Recycling &
Demolition of
Infrastructure Rocks/Metals/Slag
EoL Scrap Waste
Extracthn L Iron/Steel Supply Iron/Steel Flnal Use
: > Industries >| Markets :
Iron Ores are : : Commodities used in
composed of : Construction work, for
rocks & minerals T Use ; manufactured capital
i and consumer goods

Supply/Use of primary (pig iron, crude
Balancing Items steel), intermediate products (e.g.

Like Carbon & Alloy Metals e.g. castings) and fabrication scrap
Chrome, Nickel or Manganese

» Flow of Commodities ... System boundary Transformation nodes : Distribution nodes




From manufacturing to final demand
Waste |O-MFA approach and MRIO

f|ﬂ€print

Produging

sectors

Metal alloys
Ore mining

Appliances
Parts
Motors
Metals

Parts A
Parts B

How to synthesize a ,,PIOT* from a MIOT: /\ e 8

Motor A

1. Filter matrix removes non-physical flows.

Motor B

Products

Apply power-series if necessary (L)
Calculate new gross production vector (x)

Metal alloy A

Metal alloy B

Materials

Metal A

Degrees of fabrication

Allocate phyiscal flows to final demand .

2. Yield matrix is used to model scrap flows in —
manufacturing -

(Nakamura 2007)




From extraction to final demand AN
. fineprint

Linking the two PIOTs

Graph View Tabular View
PIOT-1 (MFA) PIOT-2 (WIO) Z (inter-industry flows) Y q
| A 3
[ | | PIOT-1 Use in o
Extraction —> Processing —> Fabrication —>» Manufact. —> Use (MFA) ManUf. %
l l ~

Litho/Athmo/Bio-sphere I\g?:?al_]pf. PIOT— 2

Flows (WIO)

Q

(Extension i.e. Boundary Flows:
Natural inputs/Wastes)



Global Physical Supply
of Iron and Steel (2015)

f|ﬂ€print

Flows-by-Processes (27x16)

Flow-by-Process Supply Table

Mining

Beneficiation

Blast
Furnace

Direct
Reduction

Converter

Internal
Open
Hearth
Furnaces

Electric
Furnaces

CC Slab

CC Billet &
Bloom

Ingot
Casting

UNIT: Mega Tons

Flat Rolling Long Rolling Strip Rolling
and
Fabrication Fabrication Fabrication

and and

Boundary

From in-use
stocks

Scrap From the

Preparation Environment

Iron Ore

Refined Ore

Pig Iron

Crude Steel

Slab

Billet & Bloom

Ingot

Hot Rolled Coil-Sheet-Strip
Hot Rolled Plate

Railway Track Material

Heavy Sections

Light Sections

Concrete Reinforcing Bars
Wire Rod

Hot Rolled Bars other than CRB
Seamless Tubes

Welded Tubes

Tinmill Products

Electrical Sheet and Strip
Non-metal Coated/Sheet/Strip
Other Metal Coated Sheet/Strip
Fabrication and Forming Scrap
Scrap Steel

2030

1246

1158

56

251 - -

- 273 -
- 198 -
- 137 -
- 40 -

Natural inputs
End of Life Scrap
Waste Metal
Waste Rock




Global Physical Use
of Iron and Steel (2015)

f|ﬂ€print

Flows-by-Processes (27x19)

Internal

Flow-by-Process Use Table Blast

Furnace

Direct
Reduction

Electric

Furnaces
Converter

Open Hearth
Furnaces

Mining  Beneficiation

CCSlab

CCBillet &
Bloom

Ingot
Casting

Flat Rolling
and
Fabrication

Long Rolling Strip Rolling

and
Fabrication

and
Fabrication

Scrap
Preparation

Construction

UNIT: Mega Tons

Final Use/Boundary

Industrial
Equipment

Metal
Goods

) Flows to the
Vehicles )
Environment

Iron QOre - 2030 - - - - -
Refined Ore - - 1170 77
Piglron - - - -

Crude Steel - - - - - - -
Slab - - - - - - -
Billet & Bloom - - - - - - -
Ingot - - - - - - -
Hot Rolled Coil-Sheet-Strip - - - - - - -
Hot Rolled Plate - - - - - - -
Railway Track Material - - - - - - -
Heavy Sections - - - - - - -
Light Sections - - - - - - -
Concrete Reinforcing Bars - - - - - - -
Wire Rod - - - - - - -
Hot Rolled Bars other than CRB - - - - - - -
Seamless Tubes - - - - - - -
Welded Tubes - - - - - - -
Tinmill Products - - - - - - -
Electrical Sheet and Strip - - - - - - -
Non-metal Coated/Sheet/Strip - - - - - - -
Other Metal Coated Sheet/Strip - - - - - - .
Fabrication and Forming Scrap - - - - - - -
Scrap Steel

57

84
757
56

Natural inputs
End of Life Scrap - - - - - - -
Waste Metal - - - - - - -
Waste Rock - - - - - - -

33 -

59 24 a7 -

- - 10 -

252
784




First Results of Global Pilot PIOT-1

From Extraction to Fabrication (Iron & Steel)
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First Results of Global Pilot PIOT-1
Iron & Steel Footprint of Construction
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of Construction Work (2015)
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0 Waste Metal
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Steel  Bloom

Scrap Slab
Steel

Y
Upstream/Indirect Use
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\_H

Apparent/Direct Use

I Other Products

O Hot Rolled Plate

O Hot Rolled Coil-Sheet-Strip

I Wire Rod

Other Metal Coated and

Sheet and Strip

B Concrete Reinforcing Bars



Outlook: Global PIOTs fineprint

Hybrid IOT to track economic use of manufactured capital!

» Endogenization of capital
» Allocating means of production to non-metal industries

High detail metal PIOT for major metals (iron, aluminum, copper,...)
~PIOT light™ for other metals (for example rare earths or alloying metals)

~Dreams of the future®:
Integrated global physical IO tables covering flows of...

Biomass (FABIO)
Metals (FINEPRINT)
Energy (MF-GLOBE)
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