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A B S T R A C T

In the quest for sustainable energy solutions, hydrogen stands out as a pioneering alternative fuel with the 
potential to revolutionize energy supply chains. Despite its environmental advantages, high costs and incomplete 
exploitation of hydrogen production hinder widespread adoption. This study proposes a novel supply chain 
framework for bio-hydrogen production from municipal solid waste (MSW) and dairy residues, integrating waste 
centers, bio-refineries, carbon capture and storage, and refueling infrastructure. A combined Stackelberg-Cournot 
approach is introduced, where hydrogen and petroleum producers partake in Cournot competition under gov
ernment incentives for green production, technology promotion, and job creation, guided by a Stackelberg 
leader. The resulting hydrogen price, derived from the model, is incorporated into a mixed-integer multi- 
objective linear programming model with a possibilistic perspective to address uncertainties. Implemented in a 
Finnish case study, the model yields Pareto optimal solutions and sensitivity analyses, ensuring reliability and 
robustness. The Stackelberg-Cournot pricing policy sets hydrogen at €5.3–€11.16, informed by 12 crucial pa
rameters. Meeting demand without shortages requires boosting refueling centers by 40 %, while other facilities 
work at full capacity. Although the deterministic model delivers roughly triple the profit of its robust counter
part, the latter exhibits more resilience against uncertainties.

Nomenclature

(MSW) Municipal Solid Waste
(DW) Dairy Waste
(HSCND) Hydrogen supply chain network design
(HSC) Hydrogen supply chain
(CCS) Carbon Capture and Storage
(LCIA) Life Cycle Impact Assessment
(BCCP) Basic Chance-Constrained Programming
(PCI) Projects of Common Interest
(BHC) Baltic Sea Hydrogen Collector
(MINLP) Mixed Integer Linear Programming
(SMR) Steam Methane Reforming
(HV) Hydrogen Vehicle
(QRA) Quantitative Risk Assessment
(DEMATEL) Decision-Making Trial and Evaluation Laboratory
(LCA) Life Cycle Assessment
(ETS) Emissions Trading Sector
(NHR) Nordic Hydrogen Route

1. Introduction

For decades, fossil fuels like oil and coal have been a significant 
source of global energy [1], with over 80 % of produced and consumed 
energy coming from these sources, responsible for approximately 75 % 
of greenhouse gas emissions [2]. This number highlights the pressing 
need for a rapid shift towards a low-carbon energy system through 
comprehensive decarbonization efforts in all industries [3]. In recent 
years, hydrogen products and technologies have rapidly expanded 
across various industries and sectors, steadily increasing their market 
share. Additionally, a key advantage of this fuel is its ability to be pro
duced from diverse biomass feedstocks and waste materials from various 
industries, including dairy [4]. However, despite this rapid progress, the 
lack of adequate infrastructure remains a significant barrier to fully 
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