Release Notes — Hydrogen Structure Update (H,)

Overview

This release introduces a redesigned hydrogen (H,) structure. First, in this version,

hydrogen is established as a new pollutant in the GAINS framework emitted to the atmosphere
through leakages and incomplete combustion of fuels. Next, the former single

hydrogen fuel category has been replaced with a differentiated activity for pure and blended
hydrogen, with expanded coverage to account for fugitive and combustion-related H2

emissions across production and distribution paths, as well as from the consumption in industry,
power generation, buildings and transport sectors. The update improves the representation of
hydrogen transition pathways and infrastructure while maintaining methodological consistency. In
addition, the update considers the impacts of H2 combustion on the emissions of NOx

and associated control options.

1. Hydrogen Type Disaggregation

Structural Change
e The former single H, fuel has been replaced by:
o H2_PURE—pure hydrogen
o H2_CH4_BLEND —hydrogen blended with methane
Scope
Both hydrogen types are now explicitly represented across:
e Conversion processes to produce H2
e Industry combustion and feedstock
e Power plants
e Residential and commercial buildings
e Transport fuel use
e Hydrogen transport and distribution
Example ACT-SEC combinations
e CON_H2 - GAS
Hydrogen produced by steam methane reforming.
e H2_CH4 BLEND - IN_BO_CHEM
Hydrogen—methane blend used in industrial boilers (chemical sector).
e H2_CH4 BLEND -> DOM_URB
Blended hydrogen supplied to urban domestic users.

2. Expanded Sectoral Coverage

Hydrogen use as a combustive fuel, in fuel cells or as a feedstock, is now explicitly modeled across all
major end-use sectors.
Residential & Commercial
e Blended hydrogen is consumed in domestic sectors (urban, rural, commercial, other).
e Consumption in fuel cells is allocated to the power sector.
e Emissions are aggregated under domestic emission categories.
Example
e H2_CH4_BLEND - DOM_COM / DOM_RUR/DOM_URB

Industry



Explicit differentiation between:
o Combustion in boilers (IN_BO_*)
o Other combustion / furnaces (IN_OC_¥*)
e Applies to both blended and pure hydrogen.
e Addition of various industrial processes using H2 (PR_CEM_H2, PR_DRI_H2)
Examples
e H2_CH4 BLEND - IN_OC_NMMI
Blended hydrogen combustion in non-metallic mineral industry.
e H2_PURE- IN_OC_CHEM
Pure hydrogen combustion in chemical industry sector.
e NOF = PR DRI_H2
Hydrogen use in direct-reduced iron production.

Power Plants
e Hydrogen use is represented for:
o Existing, new and high-efficiency plants
o Combustion with CCS and oxyfuel configurations
o Fuelcells
Examples
e H2_CH4 BLEND -> PP_MOD_CCS
Blended hydrogen in modern power plants with CCS.
e H2_PURE- PP_FC
Pure hydrogen in fuel-cell-based power generation.

Transport
e Full coverage of transport modes:
o Road (LDV, HDV, buses, other)
o Rail, inland waterways, aviation, shipping
o H2consumed in ICEs orin FCs
Examples
e H2_PURE - TRA_RD_HDT
Pure hydrogen used in heavy-duty trucks.
e H2_CH4 BLEND - TRA_OTS_M
Blended hydrogen used in maritime transport.

3. Conversion Sector Enhancement

Change
e Hydrogen-related conversions previously aggregated under CON_COMB have been expanded
to better represent production pathways from different fuels to hydrogen.
Improvements
e Explicit distinction between:
o Hydrogen production routes
o Transitional conversion processes
o CCS and control technologies
Examples
e ELE-> CON_H2
Electrolysis (source of fugitive H2 emissions).
e GAS - CON_H2_PYR
Hydrogen production via methane pyrolysis.



e HC1->CON_H2
Production via coal gasification

4. Hydrogen Transport and distribution Infrastructure
T & D coverage

Hydrogen transport and distribution for long and short distances is now explicitly modeled via:
e Pipelines
e Shipping
e Other transport routes
e On-site hydrogen use

Differentiation by End Use
Leakage rates and resulting emission factors differ depending on the destination sector:
e Industry
e Power plants
e Transport fuel supply
Examples
e H2_PURE-> TRANS_H2_PIPE
Pipeline transport of pure hydrogen.
e H2_PURE - TRANS_H2_SHIP
Shipping of hydrogen.
e H2_CH4_BLEND - TRANS_H2_PIPE
Pipeline transport of blended hydrogen to end users.



