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The project investigates how excess run-of-river electricity in the 

Meiringen grid can be used more effectively. The case study 

focuses on AlpenEnergie Meiringen, where run-of-river production 

coincides with local PV generation in periods of high irradiance, 

creating a temporal mismatch between generation and useful 

local consumption. A coupled electricity and heat optimization 

model was developed using 2024 operational data. Battery 

energy storage, pit thermal storage and heat pump operation 

were compared under cost and emissions objectives, and a 

Pareto front analysis was created from results. The goal was to 

identify which flexibility configuration most effectively uses excess 

run-of-river electricity considering economic and emissions 

performance, and seasonal supply and demand mismatch.

The method consisted of building a techno economic and 

emissions optimization model for the Meiringen energy system. 

The model was implemented in Python using the Gurobi solver 

and was based on 2024 operational data provided by the project 

partner. The system was represented through coupled electrical 

and thermal energy balances. Figure 1 shows the structure of the 

optimization model. The system is divided into an electrical 

balance and a thermal balance, where energy generators and 

imports must equal demand, exports, storage charging and 

conversion flows in every timestep. run-of-river production, 

electricity load and heat demand are fixed input profiles, while 

grid use, BESS operation, heat pump operation, woodchip boiler 

output and PTES operation are optimized. The heat pump links 

both balances by converting electricity into useful heat.

Technical constraints, cost parameters and emissions factors 

assigned to each component in the balance. The given input 

profiles were given in 15-minute time resolution and are depicted 

in Figure 1 as the white blurbs. BESS, PTES and heat pump 

operation were added as candidate flexibility components, with 

the optimizer solving for best size and dispatch profile. The model 

was solved under cost and emissions objectives, followed by a 

Pareto front analysis to evaluate trade offs between economic 

performance and emissions burden.

The overall results align with the literature reviewed; cost-wise 

BESS is used for intraday cycling, and PTES is used for seasonal 

storage. Table 1 depicts a summarized result of the objective 

optimization with a BESS and PTES installed in the grid.

The model compares profit optimization with emissions 

optimization. Figure 2 presents the Pareto front for the 

combination scenario, comparing annual emissions burden on the 

x-axis with net annual profit on the y-axis. The green dot is the 

cost anchor, and the red dot is the emissions anchor.

Figure 2 shows the trigger of seasonal storage. In the progressive 

optimization with an emissions constraint, PTES is activated 

immediately upon relaxing the strict emissions minimum.

The project aim was achieved by modelling BESS, and PTES 

deployment in the Meiringen energy sytem. Results suggest 

AlpenEnergie prioritizes seasonal storage before on intraday 

balancing, as the main system challenge is a seasonal mismatch 

between surplus run-of-river electricity and winter heat demand. 

The Pareto optimization supports this, as PTES is activated as 

soon as the strict emissions constraint is relaxed. Future work 

should refine emissions accounting, test volatile spot-price 

scenarios, and assess demand-side flexibility or EV charging.
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Figure 2: Pareto front of combined scenario, BESS + PTES installed
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Figure 1: System Energy Balance, Electrical and Thermal Network

Annual Total Cost Optimization Emissions Optimization

Spring-Summer

General Behaviour RoR surplus → BESS+PTES RoR surplus → export

BESS charge 0.8 𝐺𝑊ℎ𝒆𝒍 0.02 𝐺𝑊ℎ𝒆𝒍
PTES charge 6.6 𝐺𝑊ℎ𝒕𝒉 0 𝐺𝑊ℎ𝒕𝒉

Autumn-Winter

General Behaviour PTES → district heating (DH) Woodchip → DH

BESS discharge 0.3 𝐺𝑊ℎ𝒆𝒍 0.05 𝐺𝑊ℎ𝒆𝒍
PTES discharge 5.8 𝐺𝑊ℎ𝒕𝒉 0 𝐺𝑊ℎ𝒕𝒉

Table 1: Seasonal dispatch summary for the optimization objectives
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