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M otivation:

Power supply (PS) in off-grid mini-grids is maintyovided by diesel generator sets (GS) which l¢adsigh
generation costs [1]. Furthermore, GS have verl R, emissions and thus contribute to climate change. R
newable energy systems (RES) offer a cost-effedtitgid solution for regions with sufficient winche solar
potential [2]. While the power generation by RE&isission-free, it is highly volatile and theref@aehallenge
for the system stability in combination with vargitoad demands [3], [4]. Other constraints, sucbiasn topog-
raphy, climate conditions, and local fuel cost® atluence the configuration of an optimal hybsigstem. Simu-
lations become increasingly necessary handlingaige amounts of input data and to optimize sucttesys.
Special interest in those simulations lies in titeriaction between the GS and the battery anceimtprovement
of a hybrid system connecting an energy storagesygs].

This work targets to include certain operation &Hento a one-minute resolution simulation modkeicl usually
are covered within hourly simulations. By bettederstanding these effects, a more realistic résulthe opti-
mization of hybrid mini-grids can be achieved ahd value of batteries for system stabilization barassessed

[5].

Approach and M ethodology:

For the simulation a one-minute-model is develojpetuding three different GS, PV and wind systemd bat-
tery storage (cf. Fig. 1).Within this model theesizof PV systems, wind turbines and batteries ptienized to
reach the lowest levelized cost of electricity (LE)OCompared to an hourly simulation with only dB& it is
extended by the following features for the GS: maii operating time, spinning reserve, starting s;osértial
load behavior, and a dispatch strategy [6]. Instefad fixed time span the battery lifetime is basedcycles,
which depend on the depth of discharge coupled glitirge and discharge efficiencies [7]. An energynage-
ment system (EMS) is implemented enabling the batte lead the GS in an optimal operation point [8],

[10]. Furthermore the battery can take part in ftiog spinning reserve to relieve the GS.

Results:

In a first optimization step a dispatch strategytfee GS, considering the minimal loading of eaeheagator, is
determined. For every possible load demand a Igotable shows the resulting partial load behavéord costs
per minute of the GS (cf. Fig. 2). After settingtine GS dispatch strategy the LCOE of a diesel-epbfem are
analyzed over a time span of one year. In a fudhep, the optimal hybrid system will be calculatdting sev-
eral features (such as starting costs, minimalaijyey time and an operational strategy) into actoline results
will reveal the potential of batteries to servespsning reserve and to support inflexible GS vdthg minimal

runtimes. In addition, the optimized configuratfonthe Caribbean island Bequia, St Vincent, wilghown.

Scientific innovation and relevance:

Current simulation methods are usually based omet®ur time resolution (e.g. HOMER Energy) [11F A
aforementioned these simulation tools cannot ptgpeflect GS operational behaviors. Therefore ihécessary
to use this one-minute-model for a more realiséiastbility study for hybrid mini-grids to find thechno-
optimized configuration of PV systems, wind turlsirend batteries [6].
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Figure 1. Hybrid mini-grid with generator set. Figure 2: Dispatch strategy for the generator set.
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