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Abstract 

According to the latest IPCC Assessment Report (Masson-Delmotte et al., 2021), achieving the objective of limiting 
temperature increase to 2 °C or even 1.5 °C will require the massive roll-out of solutions to reduce CO2 emissions as 
soon as possible. For the industry sector, which represented around 25% of global CO2 emissions in 2018 (IEA, 
2020), the decarbonization pathway is particularly complex. Indeed, part of the CO2 emissions from industrial 
activities coming from production processes are inevitable, as it cannot be avoided by simply replacing fossil fuels 
use with other renewable energies (Suopajärvi et al., 2017). Moreover, industrial activities are expected to grow 
steadily in the coming years as their products are essential for the development of the human society. The 
improvement in energy efficiency might be overcompensated by the increase in production and emissions would 
further increase. This is especially the case for the iron and steel industry (ISI) (responsible for 6% of global 
emissions). Steel is notably a very important product, and in the energy transition it is essential because most green 
technologies, e.g. low carbon transport, wind energy, etc, depend on it (GMK Center, 2021). 

Currently, 70% of the world's steel production is based on the blast furnace-blast oxygen furnace technology that 
relies heavily on the use of coke for the iron reduction (World Steel Association, 2020). Coke is vital for this 
because, having the most suitable characteristics for the production of high quality iron, it is cumbersome to replace 
it with other materials (Yang et al., 2021). Subsequently, to reduce CO2 emissions in this sector, some of the most 
studied options are the integration of carbon capture and storage (CCS) and/or utilization (CCU) technologies, as 
well as the replacement of part of the coke use by charcoal (a biomass pyrolysis product) (Mousa et al., 2016). 
Complete replacement of coke is not possible as charcoal does not present the same physical properties as coke. 
Figure 1 shows the possible options, found in the litterature, to replace part of the consumption of coke and other 
fossil fuels by biomass products at different stages and in different iron making technologies. There is also an option 
for the use of slag with CO2 for the production of carbonates that can capture CO2 for several decades, reducing 
consequently its concentration in the atmosphere. Thus, options appear very promising for decarbonizing ISI, 
however, the study of these options combined together, and on a global scale, has received little attention. This is all 
the more surprising since the use of bioenergy with CCS/CCU (BECCS/BECCU) may yield negative emissions. 
Indeed, biomass being consider as carbon neutral, by capturing and storing CO2, the latter can be subtract from the 
atmosphere (they are thus commonly referred to as Negative Emission Technologies (NETs)).  

In this sense, the objective of this work is to analyse role of NETs in decarbonizing the ISI. How could they 
contribute to global climate objectives? How do NETs interact with other decarbonization options for this sector 
such as the use of hydrogen for iron reduction? Which regions are the most favorable to adopt NETs depending on 
biomass potentials and their specific characteristics? In this sense, will NETs foster biomass trade among different 
regions? and what would be the incurred economic costs that would allow further development of these 
technologies?  
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This analysis is developed through TIAM-FR, he French version of the TIMES Integrated Assesment Model 
(TIAM). TIAM is the global version of the TIMES family models developed under the Energy technology System 
Analysis Program (ETSAP). TIAM-FR allows to evaluate and discuss the different perspectives of energy systems 
evolution with respect to the envisioned objectives and pathways. TIAM-FR is a partial-equilibrium model 
following a linear optimization paradigm. Its objective is to satisfy the exogenous energy demand (projected 
according to a set of assumptions on the drivers and on elasticities of the demands to the drivers and, optionnaly, to 
their own prices. These drivers are based to one of the 5 Shared Socioeconomic Pathways described by (Riahi et al.). 
The model minimizes the total discounted cost of the system while satisfying the different constraints that have been 
implemented (e.g. maximum amount of emissions). TIAM-FR represents the world energy system divided into 15 
regions. For each of them, the energy system consists on a relationship between the flow of commodities from the 
different transforming and transporting technologies until how they can cover final energy demand. It is detailed as 
well, the different energy potentials for each region, and the possible technologies that can be developed with their 
respective technico-economic characteristics. The total discounted cost of the system is obtained as a result of the 
modelling, its new structure, emissions, and other elements that will allow to identify and analyze the effect of 
different decisions and the role of different decarbonization options in the low carbon transition. TIAM-FR includes 
a climate module that identifies the effect of the resulting emissions on the concentration of CO2 in the atmosphere, 
the total change in anthropogenic atmospheric radiative forcing, and the resulting temperature changes. It also 
embodies the different ISI decarbonization options previously mentioned. An accurate identification of emissions at 
each of the producing and consuming stages provides different roadmaps of the low carbon innovation options. The 
TIAM-FR model is under calibration in order to express these possible future, and the analyses will rely on different 
contrasted scenarios related to the rise of temperature to 2 °C and 1.5 °C, maximum use of biomass in ISI, and the 
carbon-free steel production scenario.  
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Figure 1: Possible replacement options of coal and charcoal with biomass for steel production 
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