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Simulations showed internal energy sharing was the strongest

first step, also due to constant hydropower availability. Compared

with the baseline, LEC coordination increased self-consumption

from 4.48% to 49.73% and autarky from 6.11% to 67.92%, while

annual grid imports fell from 1’164 MWh to 398 MWh. Adding a

communal BESS further increased autarky to 87.93%.

Inflexible EV charging raised peak imports and produced the

highest line and transformer stress, while V2G reduced annual

imports from 471.6 MWh in the LEC + EVs case to 178.7 MWh.

Emissions results show that the largest CO2 reduction comes

from replacing ICEV mobility with EVs, lowering lifetime

emissions by about 55% on average.

Despite limitations in the analysis such as perfect two-day-ahead

forecasts in the optimization, the global sensitivity analysis with

variable exogenous inputs confirms these main takeaways.

Distributed renewable generation, heat pumps, and electric

vehicles are changing low-voltage grids from passive delivery

systems into networks with bidirectional flows and higher

simultaneity. LECs can coordinate prosumers and consumers to

increase local renewable use, but higher self-consumption does

not automatically mean lower feeder stress.

This thesis studies Bodio, Ticino, where 37 PV systems with a

nominal power of 681.6 kW, and a 130 kW hydropower plant

create strong potential for local energy sharing, while the future

integration of EVs poses additional stress when these are

implemented as inflexible loads. This research aims at

understanding which flexibility and technology strategies can help

mitigate these effects, while determining the resulting emissions

reduction potential.

The research focused on analyzing the technical, economical and

environmental aspects within the simulated community. A 2025,

15-minutes simulation model was developed for 250 households

loads, including 38 heat-pump households. Load demand

patterns were generated with RichardsonPy and Open-Meteo

temperature data, PV production with PVLib and Open-Meteo

weather data, and hydropower from measured production data.

Seven scenarios were compared: Baseline, LEC, LEC + BESS,

LEC + EVs, LEC + EVs + BESS, LEC + V2G, and LEC + V2G +

BESS. Community dispatch and V2G (formulated as MILP)

operation were optimized in Pyomo, EV mobility utilization

patterns were simulated with Emobpy for a fleet of 50 vehicles,

and grid impacts were assessed in OpenDSS using an adapted

IEEE feeder model using 30 Monte Carlo placements runs.

Large-scale LECs can substantially improve local renewable use

and reduce dependence on external electricity imports. V2G

integration can effectively substitute communal BESS energy-

wise when participation is high. V2G scenarios effectively reduce

grid stresses compared to inflexible EV mobility, while ICEVs

replacement brings the largest environmental benefit for the

community, with BESS struggling to offset its capital emissions in

low-carbon electricity-mix settings.
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1. Introduction, Goals and Research Questions

Figure 1: Overall simulation architecture

Figure 3: April excerpt of LEC + V2G + BESS simulation
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Figure 2: V2G balance equation used in the optimization
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