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Abstract

Modelling user behaviour and its interaction with
household systems is a challenge to reduce the gap
between simulation and reality. The hypotheses of
occupancy could have an important effect on energy and
peak power estimation, making the validity of simulation
limited. The paper aims to evaluate the influence of
occupant behaviour on residential nZEB. Four different
scenarios have been compared, varying occupancy and
thermal supply system, through the implementation of
three high-resolution sub-models in TRNSY'S: stochastic
occupancy, building performance model and PV
generation model. The method can be expanded from
building up to neighbourhood level for designing nearly
Zero Communities.

Introduction

A major issue in modelling the energy consumption of a
building is to estimate the uncertainties implicit in the
model. Many unknown and uncertain parameters (Silva
& Ghisi, 2014) affect directly the results, especially
when the model reproduces existing buildings. The
uncertainties can be related to physical characteristics of
the building and their systems (materials properties as
insulation  thickness, air tightness determining
infiltrations, boiler and heat pump performance, amongst
others). An important group is related to the user
behaviour: for example, appliances and lighting
consumption and set-points for the heating system. Then,
the modelling of the user behaviour and its interaction
with the systems and devices in a household presents
challenging aspects due to the stochastic nature of
occupant’s behaviour.

In the framework of building performance analysis
through simulation, the occupancy behaviour, the
electricity consumption caused by appliances and related
thermal gains, and the operation of the heating and
cooling systems have usually been based on daily and/or
weekly profiles. This kind of approach has some strong
points when the focus is to evaluate the performance of
the building envelope and the heating and cooling supply
systems, as for example in the framework of EPBD
labelling protocols. However, it has not shown useful
when a detailed characterization of the household
consumption is needed, as for example when studying
the interactions with the grid in a “prosumer” building.
From this perspective, a solid modelling approach to
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evaluate grid interaction, peak power values and demand
side management strategies should comprise both high-
resolution time step models together with stochastic
occupancy and electrical devices consumption models.

In the last decade, occupancy and behaviour models
have been developed with different motivations, but all
of them with the need to obtain realistic profiles of the
energy use of buildings (Ortiz et al., 2014; Paatero &
Lund, 2006; Richardson et al., 2010; Widén et al.,
2011).The present study aims to evaluate the impact of
the occupancy in the energy balance of a nearly Zero
Energy Building (nZEB). For that purpose, a detailed
building simulation framework has been developed,
combining three different sub-models: a stochastic
model, for the occupancy behaviour and appliances
consumption; a building model, to estimate the heating,
cooling, domestic hot water (DHW) and lighting
consumption of each household; and a PV model, to
estimate the energy generation at building level.
Different scenarios have been compared for multifamily
residential building with 16 dwellings, varying the
occupancy level and the thermal supply system in order
to evaluate the impact in terms of energy balance, grid
interaction and peak power.

Methodology

The simulation carried out in this project is based on
three sub-models, which have been implemented in
TRNSYS and are combined to obtain the energy
consumption of the building and the energy generation
of the PV system.

The stochastic occupant’s behaviour model provides as a
result the occupancy profiles and appliances energy
consumption of each individual dwelling, according to
different number of occupants and stock of appliances.
The building performance model results on the energy
consumption at household level using the results of the
stochastic model as input to operate and define the use of
the dwelling and its systems. The result of the building
model is the total consumption of the household,
including heating, cooling, DHW, lighting and
appliances. All the results, at dwelling level, are
aggregated at building level to obtain the electric and gas
consumption at high-resolution time-step. Finally, the
PV sub-model calculates the electric generation profile,
simulating a PV system to cover the whole building
needs. The time-step used in all the models is 3 minutes,



which has been shown enough to adequately represent
grid interaction in nZEB buildings (Salom et al., 2015).

Stochastic occupant behaviour and appliances
consumption model

A stochastic sub-model has been used to generate
different occupancy profiles and electric consumption of
domestic electric devices. The objective of using the
stochastic model is to obtain a set of realistic profiles,
according to different number of occupants and
appliances stock. The model is based and validated on
Spanish data, as Mediterranean occupants behaviour
differs from the behaviour of other countries in Europe.

As Figure 1 shows, the model is based on two main
databases: Spanish Time Use Data (TUD) (INE, 2010)
and the one from the project SECH-SPAHAUSEC
(IDAE, 2011). From a general point of view, TUD have
been used to define the occupancy and the activities in
the model, and the information of SECH-SPAHOUSEC
has been implemented to determine the use and
penetration of the electric devices in a residential
household.
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Figure 1: Stochastic model of occupancy behaviour and
electric consumption of domestic devices

The occupancy model is based on the Markov chain
theory: the current situation depends only on the
previous time step or period. The TUD have been used
to develop the model, creating the transition probabilities
matrices for switching between three possible states: out,
passive and active. These probabilities vary depending
on the time of the day and the number of occupants of
the household.

Under the "active" state, several activities have been
included, and each activity is related to the use of one or
more electric devices, as Table 1 shows. The activities
are defined through a set of "activities probabilities” and
their "time duration" which allow determining at every
moment what activity is performed by an "active"
occupant.

Once the activity is known, the activation of the
appliance is modelled using the "Appliances use
probabilities”. For example, if the resulting activity at
one hour of the day is "Watching TV", the use of the TV
would be determined. However, if the activity is
"Cooking", the electric device that is being used must be
selected between “none”, “stove”, “oven” or
“microwave”, being possible the use of more than one

equipment at the same time. The additional information
needed to run the model, is the consumption profile of
the different type of appliances, which is related to the
energy label of the appliance.

Table 1: States and activities derived from TUD and the
assigned electric devices

State Description Electric device
ouT Occupant is not at home -
Occupant is at home,
PASSIVE | without using electric -
devices
Stove
Food preparation Microwave
Oven
Dishwashing Dishwasher
Laundry \é\/rai\lsa?mg machine
ACTIVE Computing PC
Watching TV TV
Listening to radio Radio or PC
Cleaning; Ironing;
Receiving visitors; Other
Celebrations

In order to generate the high-resolution time occupancy
and electrical consumption profiles for a dwelling, two
steps have been followed. First, the household
characterization determines the number of occupants and
the equipment stock. In the current study, 4 levels of
occupancy (1 to 4 people) and 3 stock of appliances
(Devl, Dev2 and Dev3) are used. Table 2 describes
which appliances are considered for the defined three
stocks. Within the simulation process, the sub-model
generates a set of random number at every time step (3
minutes) in order to be compared with the different
probabilities and to determine the occupants state, their
activity, the use of the appliances and the activity
duration.

Table 2: Number of devices for each stock of appliances:
Devl, Dev2 and Dev3

Electric device Devl Dev2 Dev3
Fridge 1 1 1
Washing machine 1 1 1
Dryer 0 0 1
Dishwasher 0 1 1
TV 1 2 2
Oven 1 1 1
Stove 1 1 1
Microwave 1 1 1
Radio 1 1 1
PC 1 1 2

Four scenarios are proposed in this work, configured as
shown in Table 3. The multifamily building of each
scenario is composed up of four dwellings per floor and
four floors high (16 dwellings in total). The level of
occupancy of the scenario A and B corresponds to the
average of Catalonia; and the scenarios C and D
represents two buildings with a minimum and maximum
level of occupancy, in order to evaluate two opposite
scenarios. The appliance stock varies according to the




level of occupancy: 1 or 2 occupants dwelling can have
the stock of appliances Devl and Dev2; 3 or 4 occupants
dwelling can have the stock Dev2 and Dev3. Table 3
shows also the type of thermal supply system (gas
boilers or heat pumps (HP)), which is the same for all
the dwellings within a defined scenario.

Table 3: Scenarios definition: Number of households of
each occupant composition and supply thermal system

Scenario | Thermal N° of households
system 10cc. | 20cc. | 30cc. | 40cc.
A Boiler 5 5 3 3
B HP 5 5 3 3
C HP 8 8 0 0
D HP 0 0 8 8

Building performance model

As stated, each simulation consists of a single dwelling
characterized by its occupancy and thermal supply
system. The dwelling typology selected for emulation
considers a context of deep refurbishment of a dwelling
representative of a multi-story building typology of the
period from 1991 to 2007 according the Catalan building
regulation (NRE-AT-87). The characteristics of the
retrofitted dwelling are included in Table 4 and Figure 2.

Table 4: Main characteristics of the building
Parameter Units Value

Location - Barcelona

. . - 1991-
Construction period 2007
Floor area [m?] 108.5
Window area [m?] 19.6
Volume [m?] 263.6
U-value facade [W/m2-K] 0.2
U-value roof [W/m?-K] 0.2
U-value windows [W/m?-K] 25
g-value windows - 0.76
Infiltration — n50 [h*Y] 5.0

Figure 2: Drawing and picture of the simulated dwelling

Parameters that define the dwelling model built in
TRNSYS and lead to varying figures of consumption
are: occupancy, appliance stock, orientation of the
dwelling and thermal supply system. Regarding
orientation, four different dwelling orientations are
considered, in order to allow an aggregation of four
dwellings per floor to configure the building. Moreover,
a distinction between top floor and middle floors is
made. Regarding thermal supply system, two options are
modelled: a natural gas condensing boiler and an air-to-
water heat pump (HP). The former is considered since in
Spain, from the dwellings that have a heating system,
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32.3% (INE, 2008) of them are powered by gas. On the
other hand, although HP systems amount only to 6.3%
(INE, 2008), they constitute a promising technological
solution to fulfil the heating, cooling and DHW needs in
nZEBs (Noris et al., 2014). A brief explanation of each
system is described following:

a) Heat pump system. The three main components of this
system are:

e Heat pump unit. It offers a heating and cooling
capacity of 7 kW. In standard conditions, (water
leaving at 35 °C and outside air temperature of 7°C)
nominal COP is 5.25. The TRNSYS component
used to emulate the HP is Type 941, which models
the heat pump based on a performance map
considering the inlet water and outside air
temperature.

e  Water storage tank with a storage capacity of 250 |
and a single immersed coil Its heat loss coefficient
is 0.75 W/m?-K. Type 534 is used to emulate this
water tank.

e Fan coil units. Fan coils are selected as terminal
units, in order to provide cooling as well as heating.
The capacity of each terminal varies according to
the heating needs of each zone. The type used to
emulate this model is Type 928.

b) Boiler system. The two main components of this
system are:

e Boiler unit. A natural gas condensing boiler is
simulated, with a heating capacity of 19 kW and an
efficiency of 95% (AFUE, annual fuel utilization
efficiency). The type used to emulate this
component is Type 751, which works based on a
performance map configured from data of
combustion and boiler efficiency.

e Radiator units. Cooling operation is not covered in
that case; therefore iron cast radiators are used to
maximize the thermal inertia of the hydronic
system. The capacity of each radiator varies
according to the thermal zone needs. The type used
to emulate this model is Type 362, which models
dynamic radiators, meaning that once the water
flow is stopped, the radiator continues to emit heat
until the radiator achieve the thermal equilibrium.
Therefore, heating power follows an exponential
decay after switch off.

Interrelation between occupant behaviour and space
heating/cooling has been established through thermostat
set-point. For both systems, boiler and HP, a central
thermostat placed in the living room is considered. The
set-point configuration for heating is stablished at 20°C
with a dead band of 2°C, and a set-back temperature of
18°C (absence of occupants in the dwelling and during
night time). Analogously for cooling, in the scenarios
with HP supply system, the temperature set-point is
25°C, with a set-back of 30°C.

Additionally, lighting is activated if illuminance goes

below specified values and there are occupant/s present
in the dwelling. Four different DHW profiles are



configured, corresponding to the four occupancy levels
considered. These profiles consist of hot water draws
assigned to a specific activity such as dishwashing,
shower, etc. and at a specific time of the day. More
details about the building model are described by (Ortiz
etal., 2016)

PV model

Rooftop mounted PV panels are considered as the on-
site generation technology of the nZEB. As mentioned,
dwellings are distributed in four dwellings per floor.
Considering this and estimating an elevator and stairs
area, a rooftop flat surface of 630 m? is defined. Skelion
(http://skelion.com), plug-in tool of SketchUp, is used to
carry out the array design. Conclusion is that the array
that optimizes annual energy output (kWh) and vyield
(kWh/kW), consists of a total installed capacity of 43.3
kWp of monocrystalline panels with a tilt of 40 degrees
with the rooftop floor and facing south. High efficiency
modules (19 %) with 310 kW peak power, and a suitable
inverter are chosen for emulation, selecting the inverter
according to array peak capacity. Once the PV system is
designed, it is implemented in TRNSYS, using Type
194b, which includes the PV modules and the inverter.

Energy and power key performance indicators

A set of key performance indicators are used to evaluate
and compare the results of the different scenarios
simulated within the current study. These are:

a) Non-renewable Primary Energy import/export balance
(Kurnitski et al., 2013; Sartori et al., 2012); As shown in
Equation 1:

EPnren = Z( Eimp i fimp nren,i )_Z( Eexpj : fexp,nren,i ) (1)
i i

where EPnren represents the non-renewable primary
energy consumption; i means different energy carriers
for the final energy (electricity and/or natural gas for this
case study); Eimp,i is the final energy imported from the
grid; Eexp,i is the final energy exported to the grid; faren,i is
the conversion factor from final energy to non-renewable
primary energy and it has been assumed that fimpnreni=
fexpren,i. The conversion factors used in this study are
1.190 kWhe/kWh; for natural gas, and 1.954 kWhe/kWh;
for electricity (IDAE, 2014).

b) Electricity load cover yioad and supply cover ysupply
factors (Salom et al., 2014) are shown in Equations 2
and 3.

~ [minfg(),1)]-dt

Yload = I|(t)-dt (2)
B [ min[g(t),I(t)]-dt
Vsup ply —W 3)

Where g(t) is on-site electric generation [kW] and I(t) is
electric demand [kKW] every time-step t.
c) In addition, in order to evaluate the energy balance of

the studied buildings, Net Exported electrical Energy
(ne) is calculated according to Equation 4.

ne = I ne(t)-dt= j [Eexp,ele(t)_ Eimp ,ele(t )] dt (4)

Being Eexpele(t) and Eimpele(t) electricity exported to the
grid (kW) and imported from the grid (kW) every time-
step t, respectively.

Discussion and results

Model results overview

Figure 3 represents the annual consumption in terms of
non-renewable primary energy, of a sample of dwellings
varying the number of occupants, stock of appliances,
the building performance and the thermal supply system.
The figures are the result of combining the stochastic
model with the building model, and simulating 600
dwellings with different occupancy and appliances load
profiles. The Existing - Boiler category corresponds to
the building before the energy refurbishment, in order to
facilitate the comparison with existing data. The energy
refurbishment of the residential buildings with natural
gas boilers allows, in average, around 20% of non-
renewable primary energy savings.

Box plot description Mean by square

Median by horizontal line

25% and 75% percentile by box
1% and 99% percentil by cross
Minimun and maximum by dash
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Figure 3: Non-Renewable Primary Energy consumption
of a sample of dwellings with different number of
occupants, stock of appliances, building performance
and heating supply systems.

For the renovated scenarios, the non-renewable primary
energy consumption of the dwellings with boiler is
higher than the ones with heat pump (around 8,200 kWh
and 6,700 kWh, respectively). The energy consumption
of the dwellings with boiler ranges from 5,600 to 11,400
kWh; and for the HP system from 4,600 to 9,500 kWh.

Table 5: Average energy consumption in residential
buildings in Spain (IDAE, 2011)

Natural Non-renewable
IDAE, 2011 Electricity Primary
gas

Energy

[kKWhlyr] [kKWhlyr] [kKWhlyr]

Spain 3,757 6,763 15,391
Mediterranean |, 47 5,052 11,497

region
Multifamily 3,200 5,759 13,106
building
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Table 5 shows the dwelling average of non-renewable
primary energy consumption obtained in the
SPAHOUSEC project (IDAE, 2011) for different cases:



http://skelion.com/

the Spanish average, the average consumption in
Mediterranean regions of Spain, and the average
consumption of a multifamily building in Spain.
Comparing the results of the model (Figure 3) with the
ones of the SPAHOUSEC allows demonstrating that the
models are able to reproduce realistic results for a
residential multifamily building in Spain, especially
considering the buildings before refurbishment.

The simulation results of the PV system are aggregated
on a monthly basis, as shown Figure 4. As expected,
generation is higher for summer and spring months
peaking up to 6,674 kWh in July and reaching down to
4,007 kWh in December. Annual generation adds up to
65,991 kWh. Considering the peak installed capacity of
43.3 kWp a capacity factor (CF) of 17.4% is obtained,
calculated using the Equation 5. This result is coherent
with typical capacity factors of PV installations in Spain,
where the average is 20% at country level (Urbina,
2014).

~Je(t)-d(t)

CF - (5)

Gmax

g [kW] stands for actual yearly generation and Gmax
[KWh/yr] stands for the annual generation that would
occur if the systems works at peak capacity all the time.

7500 -
6000—-
4500—-
3000—-

1500

Electricity production [kWh]

Jan 'Feb'Mar'Apr'May'Jun “aul 'Aug'Sep'Oct'Nov'Dec'

Figure 4: PV monthly electricity generation

Energy balance of building

The simulation results of the dwellings are aggregated
on annual basis and per building as explained in the
previous section. The energy results for each scenario
are shown in Figure 5, representing the electricity and
natural gas consumption and PV generation, in addition
to the aggregated values of imported and exported
electricity of the building.

Analysing the first scenario, building A, it is possible to
observe that the main energy consumption of this
building is related to the thermal demand, around 35
kWh/m? of natural gas consumption and 18 kWh/m? of
electricity consumption. After the energy balance, and
due to the low level of electricity consumption, most of
the energy produced by the PV system must be exported
to the grid, around 80% of the generated electricity (30
kWh/m?). Comparing the buildings A and B, which have
the same occupancy level but different heating system,
the results show how the electricity demand of the
building B has increased by a 40% due to the HP
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consumption. This fact has a direct consequence over the
energy balance, making rise both, the electricity
imported (18 kWh/m?) and exported (26 kWh/m?).
Comparing buildings B, C and D, which have the same
thermal supply system, but different occupancy levels, is
observed an increase of the electric demand as the
occupancy increases (C, B and D, sorted in ascending
occupancy level). In terms of energy balance, the
buildings B and C have a lower electric demand than the
PV production, and consequently, the energy exported is
considerably higher than the imported energy. However,
for the highest occupancy scenario, building D, the
electricity demand is quite similar to the PV production
(66,407 kwh and 65991 kWh, respectively).
Consequently, the electricity imported and exported are
around the same order of magnitude (23 kWh/m?),
consuming around the 40% of the electricity generated
on-site.

Il Natural gas consumption Y Electricity Imported
I Electricity consumption Z Electricity Exported
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Figure 5: Energy balance at building level: natural gas
and electricity consumption; PV production; and
imported and exported electricity
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Figure 6: nZEB balance: annual non-renewable primary
energy imported and exported

Figure 6 represents the energy balance of the buildings,
in terms of non-renewable primary energy imported and
exported. The diagonal dash line where import would
equal than export, represent a Net-Zero Energy Building
(NZEB). Analysing the results, the scenario D could be
considered a NZEB, followed by the building A, which
is very close to the NZEB zone. The other two scenarios,
B and C, are plus energy buildings, since the buildings



export more energy than they demand. Looking at cases
A and B, it is demonstrated how introducing an energy
efficiency measure such as replacing the conventional
boiler system for HP may lead to achieve an important
reduction of imported non-renewable primary energy.
Comparing the scenarios B, C and D, it is seen how for a
building with the same construction characteristics and
energy efficient equipment, different levels of occupancy
lead to considerable differences in the energy
import/export balance.

Figure 7 shows monthly load cover factor and represents
the percentage of the electric demand covered by on-site
electric generation. All the scenarios follow the same
trend, load cover factor peak up in summer months
(around 50%) and decrease throughout spring and fall,
reaching minimum values in winter (around 30%). That
behaviour is a consequence of the PV production and to
the characteristics of the electric demand. During
summer and spring months, PV production is greater
than fall and winter, as could be seen in Figure 4, and
leads to a greater fraction of the electric demand being
covered up. Fall and winter seasons bring less hours of
sunlight and lower temperatures. This leads to
diminished PV generation and greater heating demand
and lighting consumption, which contributes to lower
further the values of load cover factor during these
seasons.

Buildings B, C and D present very similar values
throughout the year with the exception of summer
months. This similarity implies that although higher
electric demand occurs with higher occupancy, this load
takes place at times of the day where PV generation is
low or null, e.g. at early morning and late evening.
However, for the scenario A, the load cover factors are
consistently higher throughout the year, with the
exception of summer. The main difference between the
scenario A and the others is the lower electric demand.
Therefore, higher load cover factor values imply that a
greater fraction of the electricity demand is being
covered by PV generation.

Figure 8 represents the monthly supply cover factor,
which stands for the level of "self-consumption™ or the
percentage of the on-site generation that is used by the
building. For this indicator, two different patterns are
observed: scenario A and scenario B, C and D. The
electric demand of the building A is barely influenced by
seasonal changes, since heating is supplied by a gas
boilers. Thereafter, as the PV production increases, the
electricity demand covered by the PV increases and
consequently, the supply cover factor is practically
constant over the year (around 20%).

However, for the scenarios B, C and D supply cover
factor has a completely different behaviour over the
year: peaks in summer and winter, and decreases in
spring and fall. This evidences the weight of HP
consumption. Summer and winter are cooling and
heating seasons, which raise the electricity demand and
therefore higher fraction of PV is being self-consumed.
The three scenarios follow the same trend, with different
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levels of self-consumption. The scenario C, with lowest
occupancy, achieves lower values of supply cover factor
(40% in winter, and 20% in mid-seasons); compared
with the scenario D, with highest occupancy and
accordingly highest values of supply cover factors (50%
in winter and 30% in mid-seasons).
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Figure 7: Monthly Load Cover Factor
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Figure 8: Monthly Supply Cover Factor

A clear evidence of the mismatch between generation
and load is observed. The influence of occupancy in the
interrelation on-site generation technology - building
electric consumption is made evident, as the supply
cover factor decrease with decreasing occupancy. Higher
occupancy implies higher probabilities of occupants
present at home, using appliances and enabling the
activation of heating/cooling, DHW, lighting and
appliances operation and therefore increasing the electric
needs.

Peak power evaluation

Table 6 shows a set of indicators relevant to the energy
interaction between the building and the electric grid.
Peak generation, G, corresponds to the peak power
reached by the PV system. Since the PV system is equal
to all cases, the peak generation is the same. Peak
electric consumption, L, varies according to the degree
of electrification. Comparing scenario A and B, being
the appliance and lighting equipment equal for both
cases, the Peak load difference is entirely attributable to
the thermal supply system (18 kW and 39 kW,



respectively). For the other scenarios, as occupancy
increases, the peak load increases, reaching a difference
of 13 kW between case C and D. The higher the
occupancy is, the higher the probabilities of being the
HP activated, as well as the lighting and appliances
devices.

Peak imports coincide in all cases with L, suggesting that
the peak electric demand occurs at a time of null PV
generation. Peak export is similar and close to G. This is
reasonable considering that peak generation is expected
around noon, at time where most occupants are absent
and consumption is due mostly to standby appliances.

Finally, the design interconnection capacity, Epes, has
been calculated according to standard (ICT-BT-10,
2002). The Epes depends on the number of dwellings of
the buildings and the level of electrification (thermal
supply system and cooking devices). The difference of
Epes with either peak import or export is considerably
high for all cases (more than 50%).

Table 6: Peak power values at building level

Peak Peak
Scenario G L import | export Eoes
(kW] | [kW] | [kW] [kw] [kw]
A 42.8 18.4 18.4 40.1 71.9
B 42.8 38.7 38.7 40.5 115.0
C 42.8 354 35.4 40.6 115.0
D 42.8 48.6 48.6 38.9 115.0

The peak power analysis is complemented with the
evaluation of the peak power at dwelling level. Table 7
shows the maximum peak power for each scenario,
being: min(Li)iz116 and max(Li)i=116, Minimum and
maximum values of the load peak powers among the 16
dwellings of each scenario, respectively. The aggregated
peak power is the load peak power at building level, L,
divided by the number of dwellings (16 dwellings). The
dwelling peak power values demonstrate the
stochasticity of the results and the influence of the
number of occupants and the stock of appliances. The
dwellings with lower occupancy and lower level of
electrification in scenario A and C reach lower peak
power, in comparison with the ones with higher
occupancy and higher level of electrification (B and D).
Additionally, the high difference between the aggregated
peak power with the peak power of each dwelling
reveals the importance of implement high-resolution
building simulations for improve the estimation of
simultaneity effects in the grid interaction.

Table 7: Maximum peak power at dwelling level

Scenario Maximum peak power — Li [KW/dw]
min(Li)i=1.16 max(Li)i=116 | Aggregated

A 3.8 6.4 11

B 5.2 7.4 2.4

C 4.0 6.0 22

D 5.5 8.5 30
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Figure 9 shows the curve duration of the PV generation
and the net exported energy of each scenario. Regarding
the PV generation, around 40% of the time the PV
system is generating electricity, reaching the peak of 42
kW, as it has been observed previously. For the curve
duration of the net exported energy, three different areas
could be distinguished: import, nearly zero balance and
export zone. For all the scenarios, around the 40% of the
time, the buildings are importing electricity from the
grid. The main difference between them rises on the
power, being much lower for the scenario A and
increases as the level of occupancy increases. The nearly
zero area is slightly different from one scenario to
another: the lower the electric demand is; the lower the
nearly zero balance period is. For the scenario A, around
20% of the time, the energy balance is nearly zero; and
for scenario D is around 25% of the time. The rest of the
time, around 35-40%, the building is exporting energy to
the grid.
—— PV generation
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Figure 9: Curve duration of the PV generation and the

net exported electricity

Conclusions

In the present paper, the influence of the occupant
behaviour on the building energy consumption of a
residential nZEB typology has been studied. To this aim,
four different scenarios have been compared, varying the
occupancy level and the thermal supply system. The
energy balance has been obtained through a combination
of three sub-models implemented in TRNSYS: a
stochastic model, a building performance model and a
PV generation model.

The results of the simulation demonstrate the validity of
the models, especially from the point of view of the



stochastic model. The average energy consumption of
the model is representative of a residential building in
Spain. At the same time, changing only the occupancy
level of the dwelling, the energy consumption of the
dwelling is able to vary up to 50%. It means that the
stochastic model is able to reproduce the average
behaviour of occupants, providing variability from one
dwelling to another.

The results demonstrate the importance of considering
the occupant behaviour influence over energy
consumption. The occupancy, which leads to higher or
lower energy consumption values, determines whether a
given building with its corresponding on-site generation
system fulfils the nZEB levels or not. As results shown,
the scenarios with lower occupancy level (B and C)
could be considered a plus energy building, while the
one with higher occupancy (D) is close to a balance
equal to 0, in terms of primary energy.

In addition, the consumption patterns can illustrate
which on-site generation technology may be more
suitable, as well as, which design considerations. For
example, the net balance of the scenarios show that
annual PV generation is higher than annual electric
consumption in all cases, suggesting that the system is
oversized, and energy import takes place proving a
relevant mismatch. It could be improved or solved with
storage systems. For that reason, a necessity to size the
on-site generation system accounting for the final real
occupancy is desirable.

Finally, analysis of peak power values of imported and
exported  electricity  demonstrate  current  grid
infrastructure  is  prepared to  withstand the
implementation of distributed generation, in terms of
peak power.

In this paper and according to the research goals, only a
limited number of cases has been studied, e.g. a small
range of occupancy variation, one single building
characterization and two thermal supply system.
However, the presented methodology allows simulating
many different scenarios, going from a building level up
to block, neighbourhood or city level, and supporting the
design of nearly Zero Communities.
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