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RESOURCE EFFICIENCY

delivering more service with less

7,

energy, materials and impact

?

Jonathan Cullen

2l UNIVERSITY OF
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rFGSOUrce
efficiency
collective

Resource Efficiency Collective is a research initiative at
Cambridge University. Together, we seek answers to a
challenging question: how can we deliver future energy
and material services, while at the same time reducing
resource use and environmental impact?



Resource flow analysis

The robustness of the
higher level depends
on the lower ones

STRATEGY &
DECISION SUPPORT

@ UNCERTAINTY

-
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Global
energy
flows

Energy Electricity Conversion Passive Final
sources generation devices systems services

: : Passenger
Diesel engine g

transport
i L Yl .
Petrol engine Freight
@ Aircraft engine e, ONIP transport
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Structure
Biomass
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burner [ Y AR
Steam system
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\" Coal burner \ Hygiene
| Heated/cooled
space
e/ - Thermal
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PP Communication
Heat llluminated space [llumination
Global energy demand ‘ Global carbon emissions JM Cullen and JM Allwood BB UNIVERSITY OF
in 2005, total = 475 EJ in 2005, total = 27 Gt CO2 Energy Policy 38 (2010) 75-81 ¥ CAMBRIDGE



Energy supply chain

Energy
sources

Refined fqe_ls Useful Final
and electricity energy System loss services

Conversion loss

Generation +
distribution loss

Fuel loss Total
loss

Conversion devices a Passive systems———



Services efficiency (energy)

How can we deliver future energy and material services,
while reducing resource use and environmental impact?

Carbon Service
emissions (energy)
C Ep Ef Eu
C = — X == x === x = X IS
E, E; E, S
Carbon Energy Passive
Intensity Conversion system

Carbon emissions, Services delivered
Energy (primary, final, useful)

Levers

Energy decarbonisation
Energy efficiency
Service efficiency
Service reduction

Watch out for rebound




25T

Passenger transport distributions — Ui Models
20 | —US Models
UK data, 2010 g
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Passenger transport distributions

UK data, 2010

% Change Since 1981
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Global
energy
flows

Energy Electricity Conversion Passive Final
sources generation devices systems services

Passenger

Diesel engine transport

Petrol engine b oo Freight
@ Aircraft engine [, S transport

Electric Steel Structure
motor i
Biomass . — IR
_ Mineral
Oil burner Paper
Biomass Aluminium Sustenance
Gas burnel m— s s——— — a—
Steam sysi 'm Other
Gas burner jummmmm——
\ — e LT O .
\ Coal burner Hygiene
Heated/cooled
Electric space Th |
heater . / S
Electricit . ] comfort
SPF =5 exchanger AR
p— 2 :
(O16]6][]fl et ApPpliance Communication
Electronic llluminated space lHlumination

Global energy demand ‘ Global carbon emissions JM Cullen and JM Allwood  [&: UNIVERSITY OF

in 2005, total = 475 EJ in 2005, total = 27 Gt CO, Energy Policy 38 (2010) 75-81 &% CAMBRIDGE




Service efficiency (materials)

How can we deliver future energy and material services,
while reducing resource use and environmental impact?

Carbon Service
emissions (materials)
C E, E, E, P
C = — XEBE X B X =1 X [/ X I=— X .
E, E. E, M P S
‘Carbon Energy Energy Material  Product
Intensity ~ Conversion  intensity intensity intensity

Carbon emissions, Services delivered
Energy (primary, final, useful), Materials, Products

Levers
Energy decarbonisation
Energy efficiency
Material efficiency
Product efficiency
Service reduction




G I O b al Reduction Steelmaking Casting Rolling / Forming Fabrication End-use products

. Global demand for steel goods
Oxygen Continuous Hot Cold = 1088 million tonnes
blown furnace casting (slab) strip mill [ rolling mill -

Blast furnace

steel
flows

Direct
reduction

Open

hearth (
furnace ‘

o\

Rod and
bar mill

Continuous

casting (billet) '

Forming

Scrap
preparation

Extrusion

End-of-life
scrap 290
Scrap steel 570

>

Continuous

casting (bloom) Section mill y
Bloom 99 94 7 /o’
Rail section
. .
Light section Food packaging 8
\ r Steel product casting Heavy section Metal  Appliances 31

! \ goods
Cast steel | 10 Lt Other 138
r Iron foundry casting

Global steel flows for
2008 in million tonnes

End-of-life
cast iron scrap
Cullen, Alwood, Bambach

Environ Sci Technol
2012 46(24):13048-55.

58 UNIVERSITY OF
¢¥ CAMBRIDGE

Forming scrap 99

Fabrication scrap 186



Global
aluminum
flows

Electrolysis / Melting Casting Rolling / Forming / Casting Fabrication End-uses

Global demand for aluminium

products = 45 million tonnes

Electrolysis ~Recasting? Hot rolling

| 17 =

ﬁ —

Extrusion

Cold rolling

Foil rolling

3.8

Wire drawing .
Buildings

1.8 structural 4.8

Construction

Forming scrap 10.1 Buildings

lcat non-structural 5.2
End-of-life Fabrication scrap 5.4

scrap 8.3 Infrastructure-0.9

Shape . .
~Recasting? casting Die castings 9.4
Metal

18.2 Permanent mould castings 4.6 J//
products Consumer

' Sand castings 2.4 | durables 3.2

@.7)
28 1.6 Other 1.8 Sther:8

Global aluminium : Cullen and Alwood (2013)
flows for 2007 S0 STl 2H ~ETIN & MYENMCWE=E <l

in million tonnes Fabrication scrap 4.1 2.5 UNIVERSITY OF

iy

P CAMBRIDGE

6.5 Drinks cans 3.3

Packaging 2.7




Global chemical flows

Report released

5 October Peter Levi

PhD, IEA

International
- Energy Agency
lea Secure
Sustainable
Together

From energy to chemical products, 2015
IEA Analysis

Chemicals from refining ~180 Mt o o Nitrogen fertizers

~280 Mt

Oil ~10 Mb/d

Plastic, fibre and
rubber ~370 Mt

The Future of
Petrochemicals
Towards more sustainable
plastics and fertilisers

Gas ~73 bem




Energy inputs: feedstock versus process

Process energy inputs
e.g. electricity, heat, steam etc.
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Feedstock energy inputs
e.g. naphtha, natural gas, NGL, coal etc.




Energy inputs: feedstock versus process

Energy consumption

10% of total global final energy

27% of industrial final energy

Challenging sector to decarbonize

EINDUSTRY i ! i 2623.45 i Source: IEA (2016) World Energy Balances.
‘[ron and steel | 1 473.90

- — EChemicaI and petrochemical = : |§ 366.99 |

: | iNon-ferrous metals ! |0 11887

] i iNon-metallic minerals i {111 361.67

Greenhouse gas emissions

]
3
]
r
)
)
b
)
i
H

7% of anthropogenic GHG emissions

20% of industrial GHG emissions

NON-ENERGY USE

in industry/transf./energy
of which: chem./petrochem.

in transport

in other

Many more upon latent release

Frmm—————————————
P

|

Source: IEA, DECHEMA & ICCA (2013) Technology Roadmap: Energy
and GHG Reductions in the Chemical Industry via Catalytic Processes



Feedstock energy Is increasing as a share of inputs

600 60%
500 T Tnees ST T 50%
- 0o TN R 40%
Process energy Inputs =?»: T °
= 300 30%
200 20%
100 10%
Key point: Feedstock energy : _ oo,
. . 197 197 1 1 1 1 2 2 201
accounts for an increasing share o 19 780 . o0 199 000 o0 o1
E Coal ™ Qil products Natural gas Biofuels, waste Electricity Heat ==-Percentage process energy (RHS)

of the sector’s energy inputs and

are ~99% fossil fuels. 0%

60 e e 60%

500 ____ __-e"T N e 50%

. 400 40%

Feedstock energy inputs 8

= 300 30%

200 20%

100 10%

0 * 0%
1970 1975 1980 1985 1990 1995 2000 2005 2010
B Coal ™ Crude, NGL QOil products Natural gas  ==-Percentage feedstock energy (RHS)

Source: IEA (2016) World Energy Balances.



The challenge for petrochemicals

2500 -
A 2.8-fold increase in demand is
: —
projected for the sector’s 18 most -
o o 2 000 7 - -
energy-intensive large volume
chemicals, over the period 2010-50. - =
= -— — . .
=3
E 1500 — . I .
1o - = N A =
: — N =
= H B B =
A 30% reduction in direct CO, - = —
emissions with respect to current 500 - 22
levels is required in industry by
2050, to maintain a 2DS trajectory
0
2010 2015 2020 2025 = 2030 = 2035 = 2040 2045 2050
B Ammonia B Methanol " Ethylene B Propylene Benzene M Toluene ! Mixed Xylene
B Acrylonitrile ™ Caprolactam Cumene " Ethylene Glycol M Ethylene Oxide WM ParaXylene Phenol
source: IEA, DECHEMA & ICCA (2013) Technology Roadmap: Energy and GHG M Polyethylene [ Polypropylene Propylene Oxide [l Styrene Terephthalic Acid Il Vinyl Chloride Monomer

Reductions in the Chemical Industry via Catalytic Processes



Global chemical flows

Process energy
~18 EJ yrt

Other chemical , »
production Nitrogen fertilizers

~280 Mt

Chemicals from refining ~180 Mt

!
Butylene

7 N\
HVCs

QOil ~10 Mb/d

Gas ~73 bom \
‘f—

AN

Plastic, fibre and
rubber ~370 Mt

Methanol

Coal ~84 Mt

Lia

Secondary
Feedstock energy products Chemical products

Source: Levi & Cullen (2017) Mapping global flows of chemicals: From fossil fuel feedstocks to chemical products



Feedstock mapping matrix

Internal mapping matrices
A

Global mapping matrix
—t—

.. flows ...

123..

b 10199A puewaq

N. N mp e v WEO\.\ ans

b 10329A Ajddng

136,161 elements, lots of zeros!

369 x 369



Global
chemical
flows

Source: Levi & Cullen (2017) Mapping
global flows of chemicals: From fossil fuel
feedstocks to chemical products

Fossil fuel feedstocks Primary chemical production Intermediate chemical production Chemical products

513.4 [ . 1 [ L , 820.3
First tier Second tier Third tier

E Secondary products

Co, 286.8

Secondary reactants H,0 140.0

. CH, 428

2 . HCI 249

CO, 151.6 i i & CaCl, 7.7
N 142.4 ' Ammonia : : '

HZPO 60.8 [~ methyl alcohol 2 i 0 ; Other  312.8
3F Vg > h 1 0 i
Other 109.4 : ; 5
: Fertilizers & '
pre-cursors :

N-fertilizers

e
Ammonjum nitrate

Ammonia

=\
i\
L AN\S ™
wan, el
| i ' _

act eymosets, fibre
& elastomers
107.2

[ o

=

Monomers & polymers :

Natural gas 7 |
& NGLs _4 / Light feed
198.6

Fertilizers
— Urea & Calcium

| ammonium nitrate
|

Heavy feed

Liquid oil
products
259.8 E

Steam cracking
grbon black 4

—

N

Polymers .
; } 7

S

Refinery-sourced
olefins & aromatics
162.6

/ _Solvents, additives

: /[ &explosives

 Polyami (?S 107.3
Polyamide: 5& 66

Global mass flows in the
chemical and petrochemical
sector in 2013

L Other third tier intermediates
Polymethyl methacrylate, Polyvinyl
acetate, Polycarbonate, Methylene

Other second tier intermediates
Nitrile butadiene, Hexa_mt_athyienedianine,

irst tier intermediates
ene oxide, Polychloroprene,

1, Dimethyl terephthalate, . " Melamine, Polyacrylonitrile, Toluene diphenyl diisocyanate
. - : T f : N diisocyanate, Adipicacid, Dioctyl phthalate, P
Allvalues in million tonnes per year (Mt yr?) hexanol, Pal 'a;:‘_“z,’,'l‘:ﬁ;ﬁc Meathyl methacrylate, Caprolactam, Aniline,

vdride, Acrylo e, Cyclohexane, Acetic Styrene butadiene, Bisphenol A, Vinyl
acid’FormaIdehyae Methyl telft—butvl acetate, Styrene acrylonitrile, Acrylonitrile
ether, Acetone & Phenol (via cumene) butadienestyrene

UNIVERSITY OF
CAMBRIDGE




Sustainable
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THING EXPLAINER

www.withbotheyesopen.com
free download



Global steel picture

Crude steel production (Mt) Crude steel energy intensity (GJ/t)
1600 | | | | | 40 | | | | |

OBC
(average)

Use of buildings
Steel

1200 1 30} _
Cement
Global
- emissions Cpheetrrgicchael{n 800 1 20 T
o 28 Gt(O actice
5 Food/Paper/ Best practice

Other metals 400

_ 10 \ _
EF

Other B

: (average) Best practice

Use of vehicles Industry . | 0 | | |
1960 1990 2020 1960 1990 2020

Emissions Demand Intensity
Steel is responsible for Global demand for steel has Steel production is already
~10% of global CO, iIncreased four-fold over 50 efficient. But halving
emissions from energy years, and is expected to emissions by 2050 will
and industrial more than double by 2050 require a further 75% cut per

processes tonne of steel



With one eye open

Energy efficiency
few efficiency gains
left, perhaps 10—-20%

Novel processes
DRI, Hisarna, Smelt Reduction,

Electrolysis, Hydrogen )
I ¢

lli‘_il

m ‘

iIncrease recovery to 90%

Low carbon energy
renewables, nuclear, CCS

50% emission reduction per tonne

0% reduction in absolute emissions




With both eyes open

Use less by design
30% saving from putting metal
In the right place

Reduce yield losses
Y, of all liquid metal is
scrapped during production

Divert scrap
to other uses

Re-use with no melting
profitable in construction

Longer life products
l t -§ fdm"ﬂg-h.- spread impacts over time

Reduce final demand

i *“\*]' et educe i
\X\\ \ 4 with more intense use

75% emission reduction per tonne

50% reduction in absolute emissions




Material efficienc
Y k€ Material efficiency could deliver

larger energy savings in energy-
Intensive industries than energy  yy

efficiency.
Energy demand CO; emissions
Y 2000 Aluminium & 8 Indirect
= (heat and power)
Paper
_ M Process-related
1500 Plastics 6
B Energy-related
M Cement &Y

1 000 B Steel 4

500 2

. l . - International
2013 NPS MES 2013 NPS MES » Energy Agency

2040 2040 le a

Note: NPS = New Policies Scenario; MES = Material Efficiency Scenario.




50% With one

rEdUCti-On eye Open
potential

Challenges

Key technologies are still under development
Novel technological are expensive
Replacement cycles for steel plants are slow

Scrap availability is constrained in a growing
market

Renewable energy will likely be
prioritised for other sectors

Long-term potential for emissions reduction

50% With both

reduction eyes Open

potential

Challenges

Changing behaviour of consumers is difficult

Circular economy business models are not
necessarily profitable

Reconfiguring supply chains for reuse is
challenging, requiring new rules to allocate
value

Efforts to map how materials flow through
society are still in their infancy



Integrated resource efficiency analysis

B UNIVERSITY OF
4P CAMBRIDGE

Resource
mapping

Improving transparency
through better visuals

Implementing an
integrated view on
entire systems

Ui

ENERGY &
MATERIALS

Site-level

resource picture

Control
systems, data
management

——— -

Exploiting the value
in control data

Ana Gonzalez
Hernandez

PhD, Emerson

Cambridge University is
collaborating with Emerson
to develop novel tools that
can prepare industry for
the future low-carbon and
resource-efficient
production era



Opportunities from average to top quartile

Recordable
3X fewer ;

recordables
and process
incidents

Process
Incidents

Approximately
ONE TRILLION

DOLLARS

In company value is
lost every year to
suboptimal operating
performance

4th Quartiles st

Operating Costs

20% lower
operating costs

Utilization

4th Quartiles st

10% higher

Utilization Rate

Sources: Refining and Petrochemical Benchmarks,
API, Solomon, OSHA, IHS Markit and Company Reports

Reliability

Maintenance

4% higher o
: - Availability
availability
Half the
maintenance
costs

4th Quartiles st

Emissions

30% lower CO, Emissions
emissions

Energy Use
30% less
energy use

4th Quartiles st
&

EMERSON



Service efficiency (materials)

How can we deliver future energy and material services, E,+ M, How dowe measure
while reducing resource use and environmental impact? M this efficiency?
Carbon Service
emissions (materials)
C E, = E, P
C = — X x == x = x === X i=— X .
E, = E, M P S
Carbon Energy Material/product
Intensity Conversion system

Carbon emissions, Services delivered
Energy (primary, final, useful), Materials, Products




Combining energy and materials

Process

Resource input
Resources Energy inputs
consumed over
the life-cycle
of a material
Material inputs
Captures:
Upgrade in Downgrade in
material quality energy quality

i

Useful Output

Useful By-products

Losses

Useful output

Theoretical minimum
work required to
make a material

Resource _
efficiency

Useful output

Resource input



Combining energy and materials : using exergy

Useful energy

Energy outputs
Inputs ' Energy losses Exergy
Material —— Useful material Inputs
inputs outputs
Material losses
ENERGY Conversion
(joules) EXERGY
factors — lioules)
(J/J, J/kg)
MATERIALS

(kilograms)

ﬁ

Useful exergy
outputs

—p External exergy

losses

EXERGY CALCULATOR

We are developing a
searchable database of exergy
values and calculation formulas
for materials and energy.

Internal exergy
losses



Global steelmaking

Data from 38 plants

=+ BOFG BFG
- COG  wp Oy Ny Ar

=P ain outputs —» By-products
==sp  Electricity/steamn —p Other flows

Scrap EAF

Upstream/downstream

B BF-RBOS
I DRI-EAF

&
EMERSON.

worldsteel

A°S 8§ O CIATI ON

Gonzalez Hernandez A, Paoli L, Cullen JM
(2018) How resource-efficient is the global

steel industry?, Resources, Conservation and

Recycling, 133: 132-145

Coal &
other

Off-site |

Elec,
steam

lron ore
& other

Gas,
iron &
other

.

Sludge/
dust

Blast

Furnace

Hot metal

BOFG

Case study 1

Basic
Oxygen
Steelmaking

|
v

1
1
1

- —
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 Elec, steam

Direct
Reduction

I[ronmaking

Loss

DRI

DRI  Slag Sludge Scrap Other Loss

Y

/dust

////

furnac

/

S I S

I
1
h 4

A J A J

Slag Sludge/

dust




Global steelmaking Case study 1

Data from 38 plants

o Irreversibilities
Electricity external 11.0 GJ/tes
1.0 GJ/tcs [

fo : = Cco2
Import ~ \ & 0.7 GJ/tcs

oil _ | /\ _‘ Physical
 Compressed air | EAF - 2.1 Gl/tes
0.1 Glitcs S Bl Y /A

T )
@%ﬂcs / / X/ / \ Thin /

Nat gas
Slab
I Flares / /
I 1.7 GJ/tcs J

BFG 5.0 GJ/tcs
Crude steel

10.4 GJ/tcs Hot metal
—
N
\\ \\

6.2 GJ/tcs
—N
\ Ingot

2.5 GJ/tcs

Inject coal
2.9 GJ/tcs

A\

3.7 GJ/tcs Hot rolled
5.7 GJ/tcs

// \
/ \
A \

_/’/
BF \\

Other coal

B/ N

0.4 GJ/tcs Scrap

Anthracite 0.3 GJ/tcs

0.1 GJitcs BOS Slag

Iron Ore 0.4 GJ/tcs J/\\ // Sufgatne \ \
o \ 0.3 GJ/itcs BF Sla
Scrap 1.8 GJtcs / / \\ , \ / \ g
, \\ - ‘\\ 0.6 GJ/tcs Tar, Benzole
Cold iron 0.1 GJ/tcs / \ . N —

1.8 GJitcs Mass loss

CO: coke oven; BF: blast furnace; BOS: basic oxygen steelmaking; HSM: hot-strip mill; EAF: electric arc furnace;
DRI directly reduced ironmaking; Sl: sintering; PP: power plant; GP: gas plant

§

EMERSON

worldsteel

A'S SO CIT ATION



Fraction of production volume

Global steelmaking Case study 1

Data from 38 plants

What insights can we gain?

Comparing resource efficiency

across production sites to T LT
reveal real insights ] Coke oven I Blast furnace
- o 0.3 1 0.3
£
>
0.5 Sl <_>D
03 - z Resource Resource efficiency
0.4 = 0.2 efficiency c 1 02y ranges from
0.2 03 E ranges from 5010 81%
0 s 78t091% i i
0.1 I | 5 0.1 SRR
0.1 c 2 :
I I I I 9 - ,
0 0 ~n L © Less scope for D Substantial
R75 80 ?fs 9 95 SR 1ofr . 15 uﬂi oL | improvement ;o ol I improvement
esource efficiency (%) esource efficiency (%) : 75 80 85 90 95 potential
0.3 : -
0.2 « Narrow range: similar inputs, consistent material by- : : <« Wide range: inherent flexibility in process, range of
0.2 : product recovery (tar, benzole) fuels and technologies available for improvement.
0.1 01 - Bi-modal distribution, cause: Coke Dry Quenching i : < Bi-modal distribution, cause: recovery of BFG.
II I I am I "y « Options: improving recovery of COG; steam; : i <+ Options: top-gas recovery; injection pulverised coal,
LR 20 % 70 - 100 recovering syngas/ammonia generated combustion monitoring and control.

Resource eff|C|ency (%) Resource eff|C|ency (%)

* -
........
---------------------------------------------------------------------------------------------------------------------------------------------------



Global steelmaking

Data from 38 plants

4 )
Entire steel Primary Secondary
sector 33% production | 29% production | 695%

\- Y,

Fraction of production volume

0.3

0.25

0.2

0.15

041

0.05

BF-BOS route DRI EAF route

045r

0.4r

0.35

T 031
0.25
) 02r
Increasing scrap use
Reducing yield losses 1 01
Off-gas recovery 0.1}
!I | I Waste heat recovery 0.05| I
1 L L L L L - 0 I 1 | I |
25 30 35 A 0 25 30 35 40 45 50 55

1
0 45 50 55 B0 65 7
Resource efficiency (%) Resource efficiency (%)

60 65 70

0.4

0.35

0.3r

0.25

02r
015
01

0.05

0

Case study 1

Delivers a wider range of

material and energy efficiency
options, using a pragmatic

Scrap EAF route

25

30 35 40 45 5 70
Resource efficiency(%)

Increase scrap ratios
Improve automation I
0 55 60 65



Basic oxygen steelmaking Case study 2

Real-time control data

Slag,
BOSG Steam $|urry
Control data extracted from Ay L -
across 900 ‘heats’ (batches) " ’ ; \
Pl '
Sorap 1 ] Hot etal - NN
é nput | sorting l i l pouring : input
' o
: Desulphurisation !
EMERSON | P |
| |
I |
I = . l
'l' Secondary _ {_ o l Conversion l :
slag Secondary :
TATA STEEL N Vetallurgy .—' O ' |
. | Tappin I
Tapping € —— I 9 [
slag ‘e !

Gonzalez Hernandez A, Lupton

RC, Williams C, Cullen JM (2018) Pre-cast steel
Control data, Sankey diagrams, and exergy:

Assessing the resource efficiency of industrial

plants, Applied Energy, 218: 232-245



Basic oxygen steelmaking Case study 2

Real-time control data

Resource
efficiency
across 900
batches

Gonzalez Hernandez et al. (2018)
Applied Energy

Ewy \
Nit. 16 ba\\ \

~ \\\ \ - \\\ Vented Nitrogen

\“‘x.Desquh -~~~.H:lt::::onverl:e E . 4

. . . Secondary

ppmg \ letallurgy

Steam

Hot metal

68% ..
. Liquid Steel

69%

e \ Slag
S Ay & S
Doloflx~ Slurry
Lime DS slag
Adds.
Ore
Imbalance

Imbalance

=)


samples.mp4

Basic oxygen steelmaking

Real-time control data

EW}; \

Nif:"lﬁ\ba}\ ) _ - ) \ \ Steam
Nit--."'B"hg\r\\ i \ SN Vented Nitrogen
U SN @ 4

Air \
3\ _Desulph : -
. S — -\, Secondary
‘Metallurgy

Hot metal

68% e
° Liquid Steel

69%

S \ Slag
Doloflx / Slurry
Lime / DS slag
Adds.
Ore
Imbatance
Imbalance

250 -
200 - E
o 97.3%
L . .
% 150 - Desulphurisation
0
S 100 -
ol
c
50 -
O o 1 1

80 85 90

Resource efficiency

250 - e

200- 98.1%
150 Tapping
100 -
50 -
0- . . .

80 85 90

Resource efficiency

Case study 2

100 - e

oo 88.6%
Converter
60 -
40 -
20 -
0 = _-I 1 1

80 85 90 95 100
Resource efficiency

250 - o
200- 97,8%
Secondary
metallurgy
100 -
50 -
0-. 1 1 — T

80 85 90 95 100
Resource efficiency



Basic oxygen steelmaking

Real-time control data

100 - l‘g’

0 88.6% |
_g 80 -
b
S 60-
(T
@)
T  40-
20 -
0'| _-I I [

80 85 90 95 100
Resource efficiency

Two performance modes: arise because BOS gas is
not recovered for every batch; in some batches it is
still flared (lack of holding volume)

Case study 2

Converter fumes
~ to cleaning plant
Fluxes and
coolants

Water-cooled fume
collection hood
Movable .

seal 1 L|d gap

Water-cooled
lance

Taphole

Refractory L~
lining

Pouring
position of
converter

Molten metal

Steel shell

Variation within higher mode: partly a result of the
differences in the calorific value of the BOS gas, caused by
variations in the gap for the converter lid



Basic oxygen steelmaking

Real-time control data

Energy-related options

Bm BOS
" overheads

~l 0e]
1 1

(o))}
1

Exergy (% of total input)
S

O-I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
Days

Exergy (% of total input)

N

&~ un (o)} ~l (0]

w

[

o
= -

Case study 2

Material-related options

B Converter slag
W Other slag
i Slurry

3 5 7 9 11 13 15 17 19 21 23 25 27 29

Days

Material efficiency savings are potentially

as large as process energy efficiency




Resource efficiency

Going forward

J Need to track supply chains from
service delivery back to impact

J Need to consider the whole system, R —
l.e. both energy and materials DECISION SUPPORT

* Exergy is a useful for measuring o
energy and materials on the same VISUALISATION
scale, reducing the complexity of

Y Watch out for rebound when pulling

one lever, in another lever

|a DATA

-
MmFuture




