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Introduction and Motivation

Changed situation — residence and mobility

habitation

EM

Docking

Journey to work
typically max. 30 km

Station__-" " S
S . (o

_____

_______

Docking
. Station

Renewable energy
Stationary energy storage

(Hybrid-) Electric drive train
Mobile energy storage

Renewable energy
Stationary energy storage

e Former situation: People commuting to work, energy supply to buildings (grid,
etc.) seperated from energy supply to vehicles (petrol station)

e Future situation: Electrified vehicles, energy supply to buildings and vehicles
connected (electricity), renewable energy producers, local storage systems
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Introduction and Motivation
Holistic energy system design requires simulation
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Introduction and Motivation
Great variaty of existing simulation tools and systems
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Modelica-based environment ‘Green Building’
Approach from automotive industry

Modelica:

= Non-proprietary, object-oriented, non-causal, equation-based language to model
complex, domain-overall physical systems
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Modelica car model with engine, braking system, ‘Green Building’ building energy system model
gearbox etc. including heat storage, photovoltaic, battery, heat

pump, boiler and eVehicle
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Modelica-based environment ‘Green Building’
Inputs, outputs and usage of simulation environment
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" eVehicles Test and optimization
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* Fast = 1h per year with short step size « Dimensions and feasibility

¢ Simulated characteristics instead of references .
* Costs and profitableness

e Optimization for “real-world” conditions .
* Strategies for energy management

* Synthetic statistics v and storage

“’Green Building‘ simulation package, distributed by ITI GmbH, Dresden

optimizing your energy applications



Coupling vehicle and building simulation
eVehicles as a part of bulidung energy system model
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=  From Building’s point of view: eVehicle is additional consumer/storage

= |nteresting system states: SOC of battery when vehicle is available at charging station as well as average
energy consumption when driving — preprocessing required A o
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Coupling vehicle and building simulation
Calculation/simulation of vehicle energy consumption
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Driving Cycle Vehicle Dynamics
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- Operating Strategy Hybrid Architecture

Power Request
for EM and ICE

Speed,

Input data demand:

* Mean speed Models of
* Mean electrical power .
« Mean fuel power Vehicle Components
e Time transient characteristic of vehicle
presence at charging station
Status Data

* Time transient characteristic of vehicle movement

Building ener )
: g 5 Post Processing
simulation tool

Input Data
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Simulation examples and results
Simulation of renewable parking lot

e optimal PV peak power
e angle and inclination
e battery size

e cost efficiency
* renewable energy share
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Simulation examples and results
Renewable energy share of a renewable parking area lighting
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Example: 5 kWh battery, 4 kWp photovoltaic optimal alignment (south, inclination 35°)
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Simulation examples and results
Layout of battery capacity for renewable parking area lighting
—_—

December
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= Variants calculation for photovoltaic
system size and battery capacity layout
— layout target: highest annual share of
renewable energy (south, inclination
50°)

= Low coverage in winter in case of cheap
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=  This way: ,optimal“:
3-4 kWp PV-system
4-10 kWh battery capacity

Battery Capacity in kWh

High Investment Costs
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Simulation examples and results
Complex example — Office building with vehicle fleet
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Office Building (1.500 m?), Electrical energy consumption 50 kWh/m?2a, CHP (40 kW,,), PV-system 8.5 kWp
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Simulation examples and results

Complex example — Results
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=  Difference between electrical
energy consumption and grid-
feeding depending on battery
capacity with eight vehicles

=  Comparatively low battery size
reduce electrical energy balance
(high renewable enery production)

= Low differences between summer
and winter (PV — summer, CHP —
winter)

=  Renewable energy share of
electricity consumption of a fleet
with 4 vehicles depending on
stationary battery size

=  Battery size especially important at
sunny days — storage of
photovoltaic energy at noon when
vehicles cannot be recharged
(usage scenario)
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Summary and outlook

Holistic energy system layout requires simulation approaches (static
calculations are not feasible any more)

Vehicles and building energy systems have to be considered together
(renewable energy usage for eVehicles)

Modelica enables users to simulate different domains together (heat,
electricity, etc.) — base of ‘Green Building’

Combined simulation of vehicle-building-system requires sufficient
precalculations (differing time constants — vehicles (milli-seconds-seconds) —
building (hours-days))

Simulation examples chosen to evaluate vehicle fleet behavior — vehicle fleet
first fields for eVehicle usage (range, costs, routes)

Sufficient energy system layout needed to avoid high running costs
(electricity consumption) and to reduce emissions (electricity production in
power plants)
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