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Energy Electricity Conversion Passive Final
sources generation devices systems services
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Global energy demand Goba carbon emissions S Cautien and JM Absood '1;3 UNIVERSITY OF
In 2005, total = 475 EJ n 2005, fotal = 27 Gt CO, Energy Polcy 38 (2090) 75-81 & CAMBRIDGE
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Cumulative total anthropogenic CO- emissions from 1870 (GtCO>)
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Materials —

Iron ore,
limestone
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electricity
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L
the exergy (in older usage, available work
and/or availability) of a system is the
mMaximum useful work possible during @
process that brings the system into
equilibrium with a heat reservorr.
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Process Useful output
Useful Output

Resource input . -
Exergy consumed | EAMCEALE Theoretical minimum
work (exergy) required

over the life-cycle Useful By-products to make a material.
of a material

Losses
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ENERGY :
Conversion
Resource Useful output Y factors

efficiency = (J/J, J/kg)

(RE%) Resource input MATERIALS

(kilograms)

° Approach

Upgrade in e
material quality D

—I . Materials to ideali
I energy quality Energy X

owngrade in
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Primary steelmaking Case study 1

_— Irreversibilities
Electricity 15.0 GJics
1.8 Glics

C ‘ — ‘ ~coz
Import , 0.8 Glics

oil Physical
Compressed air ! 2.2Gdncs
0.1 Glics

Steam
0.6 Glics

Nat gas

3.1 Glics

X
Inject coal
3.7 Gincs

_ — BFG
Coking coal a0l By
19.2 GJes 132G4nes  ¥2 Sics Hot rolled
7.2 Gincs
Other coal I;&bt 04 Gltcs Scrap
Anthracite 0.3 Gocs 0.1GJics BOS Slag
Iron Ore 0.5GJics ‘. e 03GJies Cold iron

04 Glics BF Slag
Cold iron 0.3 GMcs \ 0.6 Gincs Tar, Benzole

Scrap 23 Glucs

2.0GJics Mass loss

Coke

Electric
making : 85%

Arc: 63% DRI:

Hernandez et al
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Basic oxygen steelmaking plant Case study 2

Using real-time control data

Slurry BOSG Vessel slag

Desulphurisation

Scrap
storage,
sorting

6. .7

Secondary
Metallurgy

Casting bay

Steel slab
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Basic oxygen steelmaking plant Case study 2

Exergy flows of entire plant (over 14 days)

Fluxes & additions Imeversibilities

Yield loss

Basic Oxygen

Steelmaking S'“"“S'u' 5
e p——_ ]
gt ———
e ——— Steel

Summary of the entire plant

material recovery)

RE (steel, energy/material
recovery, yield)

RE (steel, energy/

5 6 7 8
Days

Daily variation in resource efficiency

What is the source of the variation in resource efficiency?
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Basic oxygen steelmaking plant Case study 2
Exergy flows of four sub-processes (over 14 days)

Steam o

A g
Gas Preheaters 2, )
Electricity

- i
1

Nitrogen
Oxygen

=e=Conv RE
——Des RE
3 % Slurry,grit S 1=
Conv.
Secondary
Vessel :
Tapping Metallurgy
Hot metal —— 1 i
7.2 % Physical ex

Steel slab
i ! 8.7 % 8.7 %
100.0 % Chemical ex 71.9% 77.9%

Slag

Yield losses

: 1 Exergy losses
Day 14
Additions

Days

Scale of resource use and structure Variation in resource efficiency

The largest variation arises in the converter vessel,
where the yield losses are greatest and the majority
of energy and material by-products are generated
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