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ESMA Ltd. is a purpose driven company that builds innovative best-practice computer math models (LP/NLP/MIP) 
based on systems thinking, engineering, science, and ecological economics to create data-driven decision 
intelligence and logically navigate the uncertainty space to plan, invest, build, operate, and live within a sustainable, 
secure future energy system.

ESMA provides academically rigorous research consulting services on timescales that matter to decision makers, 
using best-in-class open energy systems models, leveraging the more than 50 years of institutional knowledge in 
the IEA-ETSAP TIMES open-source code to enable partnerships to co-create data-driven insights for optimal 
investment decisions, engineering operation, strategic long-term planning, policy uncertainty, and risk mitigation 
analytics in clean energy futures.

ESMA understands Trust and Relationships. 

We incorporate community, city, national and global perspectives into our energy systems models, keeping the 
needs of the fair social good, community of practice, city, NGO, Government, finance and industry stakeholders in 
mind when considering our interconnectedness and dependencies. 

WHAT WE DO
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● Recent Relevant Publications
● Why track mass balance as well 

as energy balance in ESOMs?
● Introduce OTUS
● Steel Reference Energy System
● Steel Future low carbon options 

“SubRES” (technology menu) in 
TIMES

● STEEL Topology DATA in OTUS
○ For your feedback and suggestions

● Some (H2 sensitive) preliminary 
results outlining method potential

Outline 04



Reference Material - Modelling Steel 05

● Co-Authors & Co-developers of Steel in TUSM | Francis Li, Chris Bataille, Seton Stiebert, 
Taiba Jafari, Olexandr Balyk



Fossil Fuel and Future NZ Energy Flows 06

● Despite the rapid recent growth in clean energy technologies and 
demand for metals critical to them, the world still relies primarily on 
coal, oil and gas to meet its energy needs

● Electricity becomes the largest energy vector in the NZE scenario, 
with demand more than doubling between 2021 and 2050.

Source: IEA, 2023, Energy Technology Perspectives



Fossil Fuel Flows to Material Stocks 07

● Despite the rapid recent growth in clean energy technologies and demand for metals critical to 
them, the world still relies primarily on coal, oil, gas, biomass, cement and steel, in terms of mass 
(kg) to meet component needs.

● The mass of resources used in the energy system in 2050 in the NZE scenario is about half that of 
today. Coal, Oil and Gas collapse. Materials account for about one third of inputs in 2050. Mining 
volumes thus change dramatically

● Included Material Mass Balances important for Critical Materials and Circularity like Steel, Scrap, 
Recycling etc.

Source: IEA, 2023, Energy Technology Perspectives



Open TIMES US Topology Schema 08

Github Repository Data Source: 
https://github.com/esma-ie/OTUS

● Input Data



Including Critical Mass Balances 09

● Input Data



Including Steel Mass Balances in OTUS 10

● Input Data



Current Steel Mill Stock & Capacity 11

● Current Mill Stock
○ Largely BF-BOF & EAF-Scrap recycling with some DRI-EAF

Reference: Li, Francis GN, Chris Bataille, Seton Stiebert, Taiba Jafari, Olexandr Balyk, and James Glynn. "Technology and policy options for achieving net zero steel 
manufacturing in the United States." Energy Policy 211 (2026): 115124. https://doi.org/10.1016/j.enpol.2026.115124



Declare current stock and attributes 12

● Data Sources:
○ Global Energy Monitor (GEM) 
○ NZ Steel Project (Chris Bataille & Francis Li)

● Declare current Mill Stock by technology type 
by state by capacity by year
○ https://github.com/esma-ie/OTUS/blob/main/VT_US

_IND_IIS.xlsx
● Future Steel demand per state per year based 

on per capita per GDP trends.

https://github.com/esma-ie/OTUS/blob/main/VT_US_IND_IIS.xlsx
https://github.com/esma-ie/OTUS/blob/main/VT_US_IND_IIS.xlsx


Future Steel Technologies - SubRES 13

Source: https://github.com/esma-ie/OTUS/tree/main/SubRES_Tmpl



NZE2035; Preliminary Work from 2023  14

● Preliminary Results - for method illustration only - Please 
Don’t Cite

● BASE Scenario and NZE 2035 scenario from IRA, ran in 2023.
● EAF-H2 growth in early 2030s squeezes out BF-BOF & EAF in 

late 2030s early 2040s
○ Sensitive to H2 Price, which in turn is sensitive to REnewables 

operations.

● This work is paused at the moment



Wrap Up 15

● What are the benefits of endogenizing mass balances and materials flows 
within TIMES?
○ Endogenizing Trade constraints on manufacturing outcomes in NZE scenarios
○ Endogenizing speed of construction based on material availability
○ Endogenizing construction time (iLED) based on material availability and cost.

● Track Material types through regions
○ Zero carbon Steel - Carbon Border Adjustment Mechanism

■ Incentives, environmental conservation and protectionism
○ Track co-dependencies on energy flows, material stocks and flows and environmental 

emissions
○ Track cost of geopolitical tensions
○ Track costs of trade policies
○ Track embodied emissions in materials and steel

● Endogenizing retrofit options critical given the lifespan of steel mills
○ Can be refurbished indefinitely. 

■ eLife & tLife can be readily extended and switched soon to lower carbon options



Thank you for your time and attention. 16

james@esma.ie



www.esma.ie

Energy Systems Modelling Analytics Ltd

🄯 ESMA 2024-2026 | CC-BY-SA4.0 unless otherwise stated www.esma.ie


