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Introduction 

To tackle the climate crisis, the European Union committed to achieving climate neutrality by 2050 with 

the intermediate target of reducing CO2 emissions by 55% by 2030 [1]. Reaching these ambitious 

targets requires enormous expansion of variable renewable energy (VRE) sources, power systems, and 

holistic integration of today’s stand-alone energy systems. In 2020, the EU presented a hydrogen 

strategy aiming to establish 6 GW of electrolyzer units by 2024 and 40 GW by 2030 [2]. For the bulk 

transport of hydrogen the natural gas transmission system is considered as a promising option [3]. 

However, current regulations allow for hydrogen blending rates of 10% at most [4], [5] (due to end-

appliances). This raises questions about the effects hydrogen might have on power systems, ideal siting 

of electrolyzer units, power transmission versus pipeline transmission expansion planning etc. To 

quantify resulting effects we model a stylized integrated power and gas system using an extended 

version of the Low-carbon Generation Optimization (LEGO) model [6] which is available on GitHub for 

open source download (base version) [7]. 

Methodology 

LEGO is a mixed integer quadratically constrained optimization program with the objective of minimizing 

total system costs (operation and investment). Its modular structure (Figure 1) allows to choose from 

individual blocks, e.g. enabling generation and/or transmission expansion planning, unit commitment, 

modeling a single node problem versus a network problem (with AC- or DC-OPF), considering policy 

constraints etc. Recently, parts of the hydrogen sector have been implemented, starting with electrolyzer 

units and hydrogen demand per sector, e.g. transport [6]. 

 

 
 Figure 1: Structure of the LEGO model. 

For this paper we implement a stylized high-pressure gas transmission network with a maximum 

operating pressure (MOP) of 90 bars. The system is composed of nine gas nodes and two gas wells 

(GWs). Gas flow is based on the steady-state general flow equation (1). Therein, 𝑓𝑘,𝑖𝑗|𝑓𝑘,𝑖𝑗| represents 

the squared gas flow and its direction per time step 𝑘, 𝑅𝑖𝑗 condenses pipeline and gas parameters 
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including a pipeline friction factor, and (𝑝𝑘,𝑖
2 −  𝑝𝑘,𝑗

2 ) is the pressure difference between start and end 

node. Since this formulation is highly non-linear and non-convex we utilize piecewise linearization as 

suggested by [8], and substitute (1) with (2). Therein, 𝐴𝑠𝑒𝑔  and 𝐵𝑠𝑒𝑔 represent slope and intersect of the 

linear flow segment, (𝜋𝑘,𝑖 −  𝜋𝑘,𝑗) represents the squared pressure difference, 𝜌𝑘,𝑖𝑗 is a slack variable, 

and 𝛿𝑘,𝑖𝑗,𝑠𝑒𝑔 is a binary variable to select a single flow segment.  

 

                                                                     𝑓𝑘,𝑖𝑗|𝑓𝑘,𝑖𝑗| =  𝑅𝑖𝑗  (𝑝𝑘,𝑖
2 −  𝑝𝑘,𝑗

2 )               ∀ 𝑘, 𝑖𝑗 (1) 

                    𝜌𝑘,𝑖𝑗  +  ∑ (𝐴𝑠𝑒𝑔 𝑓𝑘,𝑖𝑗,𝑠𝑒𝑔 +  𝐵𝑠𝑒𝑔  𝛿𝑘,𝑖𝑗,𝑠𝑒𝑔)𝑠𝑒𝑔  =  𝑅𝑖𝑗  (𝜋𝑘,𝑖 −  𝜋𝑘,𝑗)              ∀ 𝑘, 𝑖𝑗 (2) 

 

The power and gas system are coupled via closed-cycle gas turbines (CCGTs), open-cycle gas turbines 

(OCGTs), and electrolyzer units, while solar, wind, and battery energy storage systems (BESSs) 

complete the investment portfolio. Hydrogen production is limited by the amount of renewable power for 

all time periods. This ensures production of green hydrogen.  

Preliminary results 

In our base case study, we provide the model with the highest degree of freedom in terms of investment 

options and policy constraints, thus resulting in cost optimal investment and operational decisions (2035 

M€). However, we find that the model does not built any electrolyzer units. Gas demand is solely covered 

by natural gas. If we enforce at least one percent of total gas demand to be covered by hydrogen, the 

model opts to install 90 MW of electrolyzers, resulting in 1.44% actual hydrogen production (2037 M€). 

If we enforce a minimum hydrogen share of 6.5%, total costs increase by 22 M€ (+1.1%) compared to 

the base case. Actual hydrogen production is 9.54% which is within the system’s limit of 10%. 

Corresponding levelized cost of hydrogen (LCOH) is 0.054 €/Sm3 or 0.600 €/kg. However, preliminary 

results show that LCOH increases for blend rates between 1% to 6.5%, while at a hypothetical blend 

rate of 100% LCOH is 0.037 €/Sm3 or 0.412 €/kg. 
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