






There are valuable databases with material and energy 
consumptions, as well as related GHG emissions for steel 
production, e.g. from worldsteel life cycle inventory (LCI) 
study, which can be used as a basis for the configuration 
of the PCF tracking rules and master data.

A visualization of the calculated and tracked PCFs along 
the whole production chain, as well as a detailed tab 
displaying the CO2e emissions from the individual process 

steps and their aggregated values for the respective 
product piece, can be seen in Figure 5. Additionally, an 
embedded business intelligence (EBI) dashboard enables 
the evaluation of all information about PCFs of products, 
product groups, certain lines and areas including their 
evolution over the past weeks, months and years. 
This allows the detailed tracking of the improvements 
regarding decarbonization of steel production.

Product Carbon Footprint Tracking

Meeting the Net Zero 
Target Requires 24/7 
Team Work

In the ecosystem of production plan-

ning and scheduling with energy trading 

and procurement, the key stakeholders 

must collaborate to manage materials 

production and related energy  

consumptions efficiently.

Figure 5. Visualization of PCF tracking in PSImetals material genealogy



Planning, Scheduling and Control 
of Green Steel Production 

The tracking and storage of material and energy 
consumptions, CO2 emissions, as well as treatment and 
transport durations also allows for their statistical or even 
more sophisticated AI evaluation. This is in order to adapt 
related parameters used for corresponding forecasts in 
production planning, scheduling and control components  
of the PMS.

A classical model for optimized determination of charge 
input and alloy material additions in melt shops is based 
on linear programming, taking into account all kinds of 
configurable linear constraints and target specifications. 
Based on the specific melting energy and specific CO2 
footprint of the raw materials, the heat’s total energy 
costs and carbon footprint, respectively, can be calculated 

and minimized by an appropriately enhanced charge and 
alloying model (ACM). Moreover, even for optimized scrap 
and alloy material procurement, ACM can be used based on 
the heats planned on a long-term horizon. This supports a 
holistic scrap management with planning of scrap demands, 
procurement of scraps and alloys, management of external 
and internal scrap batches stored at scrap yard, optimized 
scrap mix and alloy materials charging, as well as tracking of 
scrap consumptions and scrap generations along the whole 
steel production chain. This assists with the minimizing of its 
energy consumptions and product carbon footprint.

Algorithms for optimized production planning and 
scheduling use properly elaborated production orders 
(POs) which contain technical information on all involved 

Figure 6. Smart management of conflicting targets is more essential now than ever



production steps. For maximum efficient green steel 
production processes, this has to include minimization of 
material and energy resources, as well as product carbon 
footprint. Thus, the rules for technical elaboration of 
production orders have to consider energy consumptions 
and greenhouse gas (GHG) emissions related to the 
assigned input materials and production order steps 
used for planning, scheduling, execution, and quality 
control in order to fulfil the order demands, including 
customer specific requirements. The specific demands for 
input materials and energy input with their resulting GHG 
emissions, as well as additional specific GHG emissions 
(e.g. from decarburization reactions), are parameters of 
the rule based PO elaboration which can be continuously 
adapted by simple statistical evaluation, linear regression 
or other machine learning methods applied on stored 
production data. The PO elaboration, including green key 
performance indicators (KPIs) like GHG emissions and 
energy consumptions, enables an optimized production 
planning, scheduling and execution through weighted 
trade-off with classical economic KPIs (like throughput, 

quality, costs and due dates, cf. Figure 6). Moreover, it 
allows an energy management with  

•	 prediction of overall energy demand based on 
specific energy demands by products, production 
steps and resources

•	 procurement of energy on long, medium and short 
term – including day ahead and intraday energy 
trading

•	 comparison of projected energy demand with 
availability, costs and possible limits of green and 
grey energy to adjust the scheduled production 
accordingly

•	 reaction on actual production deviations with 
transparency of impact on energy consumption.

Product Carbon Footprint Tracking



Standards, Regulations and 
Verification of PCF Tracking 

The PCF calculations in the PSImetals PMS are in 
accordance with the definitions of scope 1, 2 and 
3 given in GHG Protocol Corporate Accounting 
and Reporting Standard. There are various further 
standards for accounting and reporting of GHG 
emissions on corporate and product level (cf. Figure 
7). The most prominent international norms for 
corporate carbon footprint (CCF) tracking are ISO 
14064-series and for product carbon footprint (PCF) 
tracking ISO 14067-2018, respectively. Especially for 

steel industry there are also ISO 20915:2018 for life 
cycle inventory (LCI) analysis and ISO 14404-series 
for CO2 calculation methods related to different 
steelmaking routes (BF-BOF, Scrap-EAF and DRI-
EAF). The more comprehensive ResponsibleSteel™ 
International Standard covers environmental, social 
and governance issues, which were identified and 
agreed upon with members and stakeholders of this 
not-for-profit standard and certification initiative. 

Figure 7. Relevant standards for the transition to near zero steel production  
(not exhaustive, source: Wei et. al.)

Legal regulations based on 
these standards are still 
under development by the 
governments and parliaments 
in the various regions of the 
world. Nevertheless, there 
are many certification bodies 
that offer services for 3rd party 
verification of implemented 
carbon footprint tracking 
methodologies according to 
the defined standards, e.g. 
TÜV Süd or auditors approved 
by ResponsibleSteel™. Such 
a 3rd party verification of 
the presented PSImetals 
PCF calculation and tracking 
approach is in progress.   



Conclusions 

A manufacturing execution system with quality management 
based on process snapshots along all production steps provides 
an ideal framework for product carbon footprint (PCF) tracking. 

 PSImetals has implemented this type of PCF approach using 
hierarchically defined GHG emission factors on levels of pro-
duction area, production line and production step. Thus, CO2e 
emissions can be calculated and tracked in real time on piece 
and product level along the complete chain of production steps 
and the results are stored on the related material genealogy 
nodes. This also includes lump-sum contributions to GHG emis-
sion from idle or preparation times of production lines that can 
be configured by appropriate area emission factors given in kg 
CO2e / kg steel. Furthermore, PCF tracking and forecasting pro-
vides essential input for optimized production planning, sched-
uling and execution with a weighted trade-off between econom-
ic and ecological KPIs. Finally, products with labels from certified 
PCF tracking methodologies allow establishing of green lead 
markets fostering an increase in demands for green steel.

#StepOnIt
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