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Unit coordination for energy saving in the steel
plant
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Collaborative Production Optimization (CPQO)
Coordination between Melt Shop and Hot Rolling Mill

1 Melt Shop

MSO (cpm4Metals) 1N i Length: ~12m
Melt shop Scheduling | T Thickness: ~220mm
Optimization | q inuous Casting

Hot Rolling Mills | Length: ~900m
Thickness: ~3mm

el w3 ‘. HSO (cpm4Metals)
' Hot rolling Scheduling
Optimization
Central Operation .
and Monitoring s = W=T =

Logistics and Distribution

Market

Processing Lines
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Collaborative Production Optimization (CPQO)

« Order pull (Kanban)
l M Hot rolling orders - hot rolling scheduling - slab orders - melt shop

scheduling
+ Low slab yard inventory
+ Slab hot charging in hot rolling mill possible

-- High set-up cost/time in melt shop , due to short campaign schedule

m M Melt shop driven (push)
Campaign orders (heat orders) - melt shop scheduling - slab
e— )

= BN e@ availability > hot rolling scheduling
[ ——

+ Efficient melt shop operation
+ Caster throughput high

-- Large slab inventory
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Collaborative Production Optimization (CPQO)

Slab yard

-
 Melt shop

== reduce storage inventory

== save reheating energy

== improve overall productivity
Cost of slab: 1000m?3 natural gas

50 000 €/slab After3h:700°C_  After 12h.100°C &~ 040 €/slab

[ oo ] wep N BN == [ oc

25 ton 100-200 slabs/day
10m x 1m x 0.2m 500-1000 slabs in slab yard
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Challenges of coordinating MSO and HSO

Different optimization
features of

1. Different optimization
objective

2. Different and implicit
optimization constraints

3. Heterogeneous scheduling
entities

4. Complex nested scheduling
algorithm

5. Different schedule time
horizon

D
|

Rolling horizon approach

Benders 1962, Geoffrion 1972, de Miguel 2001, Xu&Engell 2012
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Algorithmic Solution of CPO
Algorithmic benefits

Ao

Local | |
optimization MSO
constraints g Melt Shop Scheduling Shifting Algorithm
Optimization Feasible overall
AN

dinated schedule
Critictall t uncof?rdmla = coordinated
constraints schequles

HSO V'S schedules

Hot Rolling
Scheduling
Optimization

Intersection Model
Min. inventory
Max. hot chargirn |

Coordination variables

Suggested due and release dates

Reusability « Minor changes in existing solutions

RObustn ess * Back-up feasible solution ensured in every iteration

- -  Continuous improvement of overall productivity and
Optl mal |ty hot charging ratio

Pe rfO rmance » Parallel computing of MSO and HSO
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Algorithmic Solution of CPO
Shifting Algorithm — ensure overall feasible schedule

vso ¥ CPO

Melt Shop Scheduling Shifting Algorithm
Optimization Feasible overall

d' td schedule
uncoordinate coordinated
schedules

HSO V'S schedules

Hot Rolling
Scheduling
Optimization
Intersection Model
Min. inventory
Max. hot charging

Coordination variables

Time

Time
N
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Algorithmic Solution of CPO
Intersection model optimizes different coordination ob;.

vso ¥ CPO

Melt Shop Scheduling Shifting Algorithm
Optimization Feasible overall

d' td schedule
uncoordinate coordinated
schedules

HSO V'S schedules

Hot Rolling
Scheduling
Optimization

Intersection Model
Min. inventory
Max. hot charging

Coordination variables
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Software Architecture of CPO

CPO
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Validation of CPO on the production data

Hourly Histogram
(each column = slab
produced or charged
within 1h)

320 slabs;

2.5 days

melt shop
production;

1 day

hot rolling

mill production
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Validation of CPO on the production data

Slab Histogram (each
column = the
charging temperature
of 1 slab charged in
the reheating
furnace)

320 slabs;

2.5 days

melt shop
production;

1 day

hot rolling

mill production
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Slab temperature by entering reheating furnace [°C]

Uncoordinated Schedule I 1000
Warm slab >400°C 1
|_Rolling program start |
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Coordinated Schedule
Warm slab >400°C
| W wm
lglji = -
Day 3 = Day 4
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CPO Validation on the production data
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Peak inventory of the
uncoordinated schedule

Gas consumption in RF of
the uncoordinated schedule
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= Cost of capital saving in the slab yard: 42slabs, 50k€/slab;

2100k€ x 5% p.a. = 105kE€ p.a.

- Reheating furnace (RF) energy saving 55MWh/day = Energy

cost saving >900k€ p.a.
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Collaborative Production Optimization (CPQO)
Take home message —
energy saving without hardware investment

1 Melt Shop

MSO (cpm4Metals)

Melt shop Scheduling ! )
Optimization || 4 linuous Casting

Hot Rolling Mills

HSO (cpm4Metals)

CPO in the cloud e inaton

Energy cost: - 900k€ p.a.

Cost of capital: - 105k€ p.a.
+ | Productivity: +7%

Market

Logistics and Distribution ™

Processing Lines

Warehouse
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Power and productivity “ I. I.
for a better world™ " I. I.




Generalization of Intersection Coordination Heuristic

Offline

Plant model

Bottleneck

Analyzed model

anaIySiS Representative production orders — identification  — ] 'f'
P heuristic '
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Regular production orders I
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Online ST '
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schedule ,
.. . Intersection
optlmlzatlon coordination v Goal:To solve large-
heuristic Upper-level m.aster problem scaleand complex
N scheduling optimization
-4 problemtoclose
1 Coordination variables Opti mum solution
) ) within reasonable
Lower-level sub-problem Lower-level sub-problem computationaltime
v
Shifting heuristic
Master probl dat NO”’T,)'L*:'\YES ¥ @ X 2
aster problem updater ermination > @ o @ o @ o
© ABB Group

13.09.2012 | Slide 15



