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Thearticle is concentrated on the energy storage problems arising from microgeneration in private households. The case study involves a
small-scale wind and solar electricity production set in a net zero-energy building. Both the net zero-energy building and the
microgeneration units are connected to an utility grid. The current article serves to confirm the hy pothesis, that the self consumption is a
its maximum with the annual 70/30 wind and solar energy mix of in favour of the wind. Themaximal self consumption at no additional
energy storage in anet zero-energy building is studied as well. Produced and consumed energies are equal, which satisfies the requirements
for a net zero-energy building with the utility grid acting as an energy buffer. The consumed energy is used to operate a heat pump, heat
up ventilation supply air, run ventilation fans, supplying non-shiftable loads (white goods, TV, lighting etc), heat up domestic hot water
via heat pump. To express self consumption, we use the term of supply cover factor, which describes optimally the directly consumed
energy in relationship to net consumption or production. In annual scale, the cover factors for a net zero-energy building are equal as the
production and consumption are equal as well. Also, seasonal variations in self consumption are studied. According to study results, the
annual maximal supply cover factor in a net zero-energy building is 0.375 with 70/30 wind/solar mix. Seasonally, the self consumption is
at its maximum in summer when the supply cover factor equals to 0.49.

Keywords: demand response, supply cover factor, load shifting, net zero-energy building, solar energy, wind energy
INTRODUCTION

Net zero-energy building is a building where the energy balance for the end of a yearis equal to 0 (Directive...,
2010). Usually, a net zero-energy building is tied to an utility grid. Throughouta year, the utility grid acts as an energy
storage medium. Among the renewable energy sources, the solar and wind have the longest historical records with
growing acceleration numbers during the recent decades (Kaldellis and Zafirakis, 2011). The wind and solar share in the
overall energy mix is growing mainly thanks to the new installations, the micro generation owes much of its popularity
to the EU requirements on the net zero-energy buildings (Directive..., 2012). The variance and unpredictability of wind
and solar generation is a well-known fact (Allik and Annuk, 2016 ). To compensate the stochastic character of these
energy sources, several local demand side management (DSM) technologies are applied. One of the many possibilities is
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the application of heat pump loads, discussed in the current paper (Vanhoudt et al., 2014; Elkinton et al., 2009).
Previously, only solar-based energy input was considered for net zero-energy buildings (Luthander, 2015). The paper
aims to study the share of self consumption in a net zero-energy building under different conditions and at seasonal level.
Finally, the conditions for maximal self consumptionis found.

METHODS

The wind generator and solar panel production graphs were recorded on a building’s roof at coordinates 58°23°19°’
N, 26°41°37” E in the city of Tartu, Estonia. The network analyzer Janitza UMG 605 (Janitza..., 2017) with current
transformers Circutor P2 TC5 M70312 provided dataacquisition (Circutor...., 2017). The recorded dataseries begin on
December 1, 2015 and end on November 30, 2016, covering all four seasons. The energy production data was logged as
averaged values at 5-minute intervals, the calculations are based on the sum energies over 5-minute periods. The annual
outputenergy of production units is scaled according to the consumption, being equal to the annual consumption in any
circumstance.

Figure 1 presents fundamental scheme of the zero energy building with energy supply microdevices and connection
to the grid. Non-shiftable loads such as white goods are presented as a separate component.
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Figure 1. Principal diagram of the studied solution
where 1 — ACgrid connection; 2 — Two way electrical energy meter; 3 — Inverters for solar panels; 4 — Inverters for wind turbine; 5 — HVAC unit
consisting: 6 — Heat recovery unit (HRU), 7 — Ground source heat pump (GSHP), 8 — Supply air heating element (HE), 9 — Supply and exhaust fans
(SVIEV); 10 — Non shiftable loads; 11 — PV panel array; 12— Wind turbine; 13 — Zero energy building.

Initial data for this study consist of a typical annual net zero-energy building electrical load (Fig. 2) that includes
heat pump compressor, ventilation supply air heat load, fan load and non-shiftable load graphs (lighting, TV, white goods
etc). The annual electricity consumptions are Whp=1835 kWh/y for the heat pump, Wyn=1628 kWh/y for ventilation supply
air heating, Ww=1335 kWh/y for operating the fans, Wns=2802 kWh/y for the non-shiftable loads. The total electricity
consumption is Wi=7600 kWhy.
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Figure 2. Consumption curves of net zero energy buiding
The energy balance of the given net zero energy buildings described as:
Whp+Win+Wiy +Whs-Wpy-Ww=0, @

where Wpy — annualsolar electricity generation, KWh/y, Wy, — annualwind electricity generation, kWh/y.
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Figure 3. Production graphs of the wind generator and solar panels

Net zero-energy building was modelled as a two-floor single family house with 143.9 m? heated area (Fig. 4)
located in Tallinn, Estonia. Modelling was performed in IDA-ICE energy simulation environment and MatLab simulation
software. Annual energy demand of a heat pump and air handling unit (AHU) supply air heating and fans was obtained
in IDA-ICE, where non-shiftable load (Fig. 2) was applied as areference for internal gains modelling. Climatic conditions
in IDA-ICE were defined according to Estonian test reference year (TRY), which consists of outdoorclimate dataarray
for indoor climate and energy calculations, collected from the climatic databetween 1970 and 2000 all over Estonia and
composed according to Estonian standard (EVS..., 2005) or similar requirements (Kalamees and Kumitski, 2006).
MatLab was applied for calculating boilers’ energy balances at every time step, with results presented in Figure 5, Figure
6 and Table 1.

The current simulation is based on the scaled production graphs of the following electricity microgeneration units:
horizontal axis, 3.5 kW, passive yaw control permanent magnet generator (Sonkyo..., 2015), with SMA Sunny Boy
3600TL inverter (SMA..., 2012) and 2.5 kW PV array (DelSolar 250 W D6P250B3A) (Yingli..., 2017), oriented towards
South with 40° elevation. A 2.75 kW grid tie inverter (SOLIVIA 2.5 EU G3) (SMA...., 2012) is used for converting DC
to AC. Figure 4 presents single family house model placement.

The production data for both devices is scaled according to the actual load, which results in peak wind turbine
power of 12.78 kW and peak PV power of 2.23 kW. Devices were sized on the 70/30 annualgeneration mix in favour of
the wind turbine (Garalis et al., 2011; Annuk et al., 2011; Annuk et al., 2013). The wind turbine is located in urban
conditions with a low capacity factor (ratio between actually generated energy and the theoretical energy if operating
continuously atinstalled power) of CF=0.06, as for PV panels, CF=0.11.
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Figure 4. Single family house model and its orientation in IDA-ICE

The cover factors both express the relationship between locally produced and directly consumed electricity (Allik
et al., 2016; Baetens et al., 2012):

t t
jtol PDdt+ft12 Pgdt
Yo = t
Ie

t1 to
jto Pp dt+jt1 Pgdt

Y —
b J2 Ppat

0 )

where Ps is the local power supply and Pp the local power demand. The time when Pp(t) <Ps(t) is denoted as to...71,and
t1...2is the time when Pp(t) > Ps(t).

The supply coverfactor Ys is a measure for the self-consumption of locally produced renewable energy. Similarly,
the demand cover factor Yp is defined as ‘the ratio to which the energy demand is covered by the local supply’ and
indicates the ‘self-generation’ (Vanhoudt et al., 2014). If production and consumption are equal, the supply and demand
cover factors are equal as well (Luthander, 2015). Further, for sake of clarity, we consideronly the supply cover factor,
as it expresses the ratio of self consumption into the consumed energy and notinto the produced energy, described by the
demand cover factor..

2
Pgdt
05

RESULTS AND DISCUSSION

In case of a net zero energy building with no additional energy storage units applied, one of the possibilities to
optimize self consumption is to change the annual wind/solar energy shares. Figure 5 describes the impact of different
annual wind/solar electricity production shares on the supply cover factor.

According to Figure 5, the supply cover factor peaks at Y=0.375 when annual wind/solar mix is 70/30 in favour of
the wind energy. This production mix has been confirmed in a wider scale, as show the similar calculations for Greece
(Caralis, 2011) and Estonia (Annuket al., 2012; Annuket al.,2011). The cover factors can be augmented with additional
energy storage units inside the system.
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Figure 5. Impact of different annual wind/solar electricity shares on the cover factor

Figure 6 illustrates the same process at seasonal level. The supply cover factor has its lowest value in winter, when
the power generation is maximum at 100/0 wind/solar mix, as 100% of the electricity is supposed to be provided by the
wind generator and the net sum of solar irradiation is negligible. However, at seasonal level, the supply cover factor in
summer is the highest: higher than 0.5 in very large range of energy mix values. If energy mix were 0/100, i.e. 100%
solar, then values for all seasons would be quite apart differing from 0.06 to 0.5. On only wind-powered supply, cover
factors are in range of 0.2 in spring to 0.4 in winter. During summer, the supply cover factor has the highest value, when
the wind and solar energy productions are more or less equal (Table 1).
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Figure 6. Impact of different seasonal wind/solar electricity shares on the supply cover factor

Table 1. Seasonal wind and solar electricity productions at annual wind/solar share of 70/30

Parameters Winter Spring Summer Autumn
Solar energy production, kWh 106.4 915.8 894.9 362.9
Wind electricity production, kWh 1931.3 709.7 1233.4 1446.1
Wind/solar mix, % 95/5 43/67 58/42 80/20
Demand, kWh 3082.5 1653.4 1040.2 1825.0
Total production 2037.7 1625.5 2128.3 1809.0
Ys 0.35 0.35 0.49 0.37

Detailed simulation results of 70/30 annual energy mix are presented in Table 1. Highest demand and production
appears in winter resulting in supply cover factor of Ys=0.35. On the seasonalbasis supply cover factor slightly varies in
range of 0.35-0.49 with its peak value obtained in summer period. Highest value of supply cover factor in summer can be
explained by low demand. Increase in supply cover factors can be obtained with the application of storage devices e.g.
battery. For instance, if we use instead of wind generator and PV panels energy source with constant output power,
P=0.868 kW, what covered electricity supply 7600 kWh/y, then Ys =0.71.

CONCLUSION

The article discusses maximising self consumption in net zero-energy buildings without additional energy storage
units. One can claim, that the 70/30 mix is an universal one regardless of latitude and local wind conditions.
» At annual wind/solar energy mix of 70%/30% in favour of wind, self consumption reaches its peak resulting in
supply cover factor of Y=0.375.
»  Application of wind power as the only energy source in a net zero-energy building results in supply cover factor of
Ys =0.323.
*  Application of 100% PV panels produces supply coverfactor of Ys =0.234.
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