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Abstract 
Self-consumption and self-sufficiency of electricity 
generated from building-mounted or building-integrated 
photovoltaic (PV) systems have a major impact on the 
overall profitability of these systems. For this reason, a 
reliable estimation of both indicators is essential to ensure 
proper dimensioning and long-term satisfaction of 
building owners or system operators. However, energy 
consulting and PV system design regularly fail to consider 
household specific characteristics and the load variations 
induced by occupant behavior. The parametric study 
presented in this paper addresses this deficiency and 
provides a practical approach to estimate PV self-
consumption and self-sufficiency depending on 
household type and size. 
Key Innovations 
• The results from occupant behavior modelling are 

made applicable for PV system design. 
• The estimation approach ensures a straightforward 

application while maintaining clarity about 
uncertainties that arise from household specific 
occupant behavior. 

Practical Implications 
For building simulation practitioners, this paper 
introduces a novel strategy to couple IDA ICE simulation 
software with time variable input data in order to set up a 
comprehensive parametric study. Furthermore, it shows 
the gain of knowledge using building simulation to 
investigate the fundamental interrelations between 
occupant behavior and the use of renewable energies. 
 
Introduction 
The energy consumption of private households is 
responsible for a substantial share of all greenhouse gas 
emissions in Germany. For this reason, German 
legislation promotes a climate-neutral operation of 
buildings until 2050 (BMUB, 2016). In consequence, the 
building related power generation from renewable 
energies must be considered in the energy performance 
certificates of buildings according to the German 
Buildings Energy Act (“Gebäudeenergiegesetz” ‒ GEG) 
(GEG, 2020). Corresponding standard calculation 
methods provide monthly balancing of PV generation and 
energy demand limited to electrical appliances related to 
heating, ventilation and cooling functions (HVAC). 

However, these methods neither allow a consideration of 
proper estimates of the amount of renewable energy 
generated locally with PV panels nor of realistic 
electricity consumption patterns. 
With regards to the consideration of PV-based power 
generation, energy consultants may follow different 
approaches: First, generation of electricity from PV 
panels can be estimated by rules of thumb. However, 
annual PV-based electrical energy supply and 
consumption as results of rough calculations may lack 
reliability when it comes to questions about amortization 
and life-cycle cost of PV systems. Second, more 
sophisticated tools can be utilized, such as PVGIS or 
PV*Sol. In addition, built-in applications in energy 
performance calculation software or online tools are 
available for more detailed analyses of the potentials of 
PV systems installed to a building’s roof or facade. While 
these software solutions support a reliable estimation of 
electrical power generation, energy consumption is 
considered most commonly by standard load profiles 
(SLP) or different kinds of reference load profiles, which 
reflect a single household’s fluctuating energy demand. 
In the scientific community, various research projects 
target a better understanding of human behavior and its 
impact on the design and operation of buildings as well as 
distribution of heat and power in the light of high shares 
of renewable energies in the energy supply. Research 
programs focusing on the interaction of users with 
building technology, e.g. IEA EBC Annexes 66 and 79, 
have promoted the fundamental knowledge, data 
availability and existence of software tools in the last 
decade (Yan et al., 2017; O’Brien et al., 2020; Gaetani et 
al., 2020; Hong et al., 2018). The large number of 
findings in the context of energy related occupant 
behavior reaches from the development of behavior 
models for domestic and non-domestic buildings (Chen et 
al., 2018; Richardson et al., 2008; Fischer et al., 2015; 
Wörner, 2020), the interaction of occupants with building 
technology (Hoes, 2009; Reinhart and Voss, 2003; D’Oca 
et al., 2014) as well as the use of renewable energies in 
buildings (Munkhammar et al., 2013; Frank et al., 2015, 
Weissmann, 2017), to the interaction of buildings and 
district heating systems (Weissmann et al., 2017) or the 
integration of batteries and electric vehicles into a 
building’s energy system (Hoppmann et al., 2014; 
Munkhammar et al., 2013,).  
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In Germany, building owners and energy consultants are 
confronted with missing household type specific 
information about the self-consumption of electricity 
generated from PV systems. The same applies to self-
sufficiency, i.e. the share of a household’s annual 
electricity consumption that can be covered by the power 
generated from a PV system. Among others, Frank et al. 
(2015) outline that the monthly energy balance of power 
generated from PV panels and electrical power 
consumption of HVAC as well as other domestic 
appliances leads to a substantial overestimation of self-
sufficiency. In addition, Frank et al. perform a parametric 
study on the size of the PV system to derive self-
sufficiency ratios as a function of a) temporal resolution 
of the energy balance and b) the ratio of annual electrical 
energy generated by the PV system as well as the annual 
electricity demand of a household. However, the results 
of Frank et al. are based on a case study using measured 
load profiles of three building types: single-family house 
(SFH), terraced house and multi-family house. While the 
outcomes may be applied for general estimations, a 
household specific estimation of PV self-consumption 
and self-sufficiency poses a challenge due to the 
uncertainty of consumption patterns that are inherent in 
the used load profiles. Similar to Frank et al., other studies 
investigate the self-consumption of electrical power from 
PV but also include battery and/or thermal storage 
systems as well as additional loads from electric vehicles 
to be charged in case of renewable generation surpluses 
(cf. Weniger and Quaschning, 2013; Hoppmann et 
al., 2014; Schwarz et al., 2018). However, these studies 
lack applicability for individual households since loads 
are modeled either based on SLPs or on reference load 
profiles, which maintain the highly volatile behavior and 
appliance driven load characteristics but for which 
generalization is not possible. 
To overcome the barrier regarding the implementation of 
building-related PV, a practical approach for the 
calculation of PV self-consumption and self-sufficiency 
has been developed. This approach can be applied with 
two indicators for the individual household’s 
configuration and is based on the ratio of annual PV 
energy generation and annual domestic electricity 
consumption. 
Following the introduction, this paper gives a brief 
description of the developed methods. In this context, the 
used building archetype and the stochastic occupant 
behavior model PeakTime are described. The subsequent 
section depicts the setup of the parametric study regarding 
variations of input data and simulation parameters as well 
as customization efforts to the standard user-interface of 
the building simulation software. The results of the 
analyses on household specific occupant behavior and 
their influence on domestic energy consumption are 
presented. In addition, the indicators self-consumption 
and self-sufficiency are derived, and an approach to 
estimate household specific PV self-consumption and 
self-sufficiency is developed. Finally, the paper’s 
practical implications along with a brief discussion and 
outlook are given to the reader. 

Methodology 
Building simulation software 
IDA ICE is a commercial software developed by EQUA 
to simulate thermal indoor climate and whole-year energy 
consumption of multi-zone buildings. IDA ICE enables 
different options to perform parametric studies within the 
given graphical user interface. Particularly, a parametric 
run tool can be used to conduct investigations regarding 
variations in numeric input parameters such as plant 
efficiency or wall thickness. Nevertheless, difficulties 
arise when using parametric runs with other data formats 
for input parameters such as schedules or source files that 
incorporate occupant specific temporal variations.  
Within IDA ICE, there is another function to modify the 
model using scripts written in a programming language 
similar to Lisp and a function called ‘graphical script’, 
where the code is translated into graphical 
representations. On the advanced level of IDA ICE, the 
whole building model is composed of components that are 
represented by a set of equations and are implemented in 
the programming language Neutral Modelling Format 
(NMF). The user can modify parameters and connections 
between the existing components such as different plant 
components (heating boiler, storage tanks, etc.) and zone 
models using predefined building blocks such as controls, 
logical functions or links to input data files. In this paper, 
a programming routine is developed to carry out 
parametric studies with automatically generating script 
code for modifying the building model on the advanced 
level, as further detailed in following sections. 
Building archetype 
The SFH building archetype features a typical set of 
geometrical parameters as outlined in Table 1. The roof 
ridge is oriented in a north to south direction by default. 

Table 1: Geometrical parameters of the  
SFH building archetype. 

Parameter Value 
Floor area (internal width × length) 90 m² (9 m × 10 m) 

Number of floors 2 
Floor height 2,75 m 
Slope of roof 35° 

Number of dormers per side 1 
Roof area 2 × 48 m² 

Conditioned floor area / volume 180 m² / 415 m³ 
A/V (conditioned) 0,83 m-1 

There are three different energy performance standards 
that are investigated for the given archetype. The first 
standard reflects a moderately refurbished building with 
construction year between 1958 and 1968 according to the 
German building typology (Loga et al., 2015). The second 
standard corresponds to new buildings in accordance with 
the current German legislation (GEG, 2020). The third 
standard specifies a more ambitious energy performance 
level (KfW40), where a building’s primary energy 
demand must not exceed 50 % of the treshold given by 
the GEG standard. The heat transition coefficients (U-
values) of the buildings’ envelopes that correspond to the 
three performance levels are summarized in Table 2. 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
3647

 
 

https://doi.org/10.26868/25222708.2021.30868



Table 2: U-values of the building models in W/(m²K). 
Component Energy performance level 

Refurbished 
building 

New building 
GEG KfW40 

Roof 041 0,15 0,10 
External walls 0,23 0,17 0,12 
External floor 0,34 0,17 0,12 

Windows 1,3 1,1 0,70 
Doors 1,3 1,3 0,80 

Thermal bridges ∆ = 0,1 ∆ = 0,05 ∆ = 0,02 

Stochastic occupant behavior model PeakTime 
The basis of the presented investigation on household 
specific PV self-consumption and self-sufficiency is the 
stochastic occupant behavior model PeakTime by Wörner 
(2020) which allows the generation of electric load 
profiles with high temporal resolution for various 
household configurations. The underlying behavioral 
patterns are based on detailed time-use survey data 
(Eurostat, 2009; FDZ, 2015) which have been 
transformed into a set of probability density functions for 
domestic activities. The statistical basis of these functions 
enables manifold possibilities for parameterizing virtual 
households according to social, demographic and 
technical factors as well as to achieve a realistic 
representation of domestic occupant behavior. A 
sophisticated algorithm conducts a stochastic placement 
of activities throughout the day while accounting for day-
to-day and seasonal dependencies. The methodology also 
considers household specific circumstances, e.g. sharing 
of appliances by more than one household member. The 
simulated occupant behavior is linked to both measured 
and synthetic load profiles of typical electric appliances 
in order to build up household specific load profiles. 
Thanks to the methodical separation of behavioral and 
demand simulation, further time series like occupancy 
profiles and driving cycles are generated which may be 
utilized for complementary in-depth analyses in the 
context of energy simulations.  
For the investigation presented in this paper, load profiles 
are simulated in PeakTime for four household groups 
differentiated by the employment status and working 
hours of household members. The chosen grouping 
derives from the hypothesis that employment has a 
significant impact on the temporal distribution of 
domestic power consumption, thus being directly linked 
to the potential of PV self-consumption. Table 3 outlines 
the characteristics of the defined household groups and 
their share in the German population. 

Table 3: Characteristics of the defined  
household (HH) groups. 

HH group No. of HH 
members 

Share of HH type 
in Germany 

1  Employed,  
all adults full-time 

1 or 2 pers., 
families 

28,2 % 

2  Retired 1 or 2 pers. 27,7 % 
3  Employed, at least 

1 adult part-time 
2 pers., 
families 

13,1 % 

4  Unemployed, 
at least 1 adult 

1 or 2 pers., 
families 

23,2 % 

Profiles of PV power generation 
To reduce the overall computing time, simulations of PV 
power generation profiles are conducted isolated from the 
actual building and household simulations. For this 
purpose, the base PV system available in the Early-Stage 
Building Optimization (ESBO) component library of IDA 
ICE is used. The ESBO component’s default parameters 
describe a PV panel with a size of 1 m² and system 
efficiency of 10 %. A parametric run simulates PV panels 
with a slope consistent with the building archetype of 35° 
as well as azimuth values of 0° (south), 45°, 90°, 270° and 
315° (with counting direction clockwise). The simulation 
output is defined to have the same temporal resolution of 
5 minutes like the building simulation. The parametric run 
is carried out for the locations shown in Table 4. The 
generic PV profiles are scaled to different levels of annual 
PV production before being applied to the balancing of 
power generation and demand. 

Table 4: Description of input parameters for the 
parametric study. 

Parameter Description Range / 
resolution 

Presence of 
occupants 

100 profiles per HH group,  
given as a fraction of 

present members of the 
household 

[0, 1] 
5 minutes 

Internal gains 
from domestic 

electricity 
demand 

100 profiles per HH group,  
normalized by the 

maximum power demand 

[0, 1] 
5 minutes 

Domestic hot 
water demand 

100 profiles per HH group [0, 36,7 kW] 
5 minutes 

Zone 
temperature set 

point 

Schedule of constant room 
temperature with a nightly 

setback between  
11 pm and 6 am 

20 °C - 3 K 
21 °C - 3 K 
22 °C - 3 K 

Location and 
climate file 

TRY 2015 data for 
locations as defined in 

VDI 4655 (2019) 

Potsdam; 
Mannheim; 
Garmisch-

Partenkirchen 
Orientation Default roof ridge 

direction is north to south, 
counting direction is 
counter-clockwise 

0°; 45°;  
90°; 135° 

Setup of the parametric study 
The ‘script’ function in IDA ICE is used in combination 
with a graphical script to conduct parametric studies that 
incorporate different kinds of input data. In this research, 
a programming routine is developed in Visual Basic for 
Applications (VBA) to create IDA ICE script code. This 
code automatically carries out the parametric study as 
follows: 1) the graphical script varies the input parameters 
of the building model, 2) the model is simulated, 3) 
relevant output data is logged and 4) saved to a defined 
directory. The steps 1) to 4) are repeated for each 
combination of input parameters. The data format of the 
input parameters and their value ranges are specified in 
Table 4 (default settings of the base model in bold font). 
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In the beginning, a basic model is created in IDA ICE’s 
graphical user interface featuring a water-to-air heat pump 
for space heating and domestic hot water (DHW) supply, 
a building envelope according to one of the defined 
energy performance standards and a floor heating system 
with a nominal power of 40 W/m². For each household 
group, PeakTime generates 100 virtual households 
including time series with a temporal resolution of 
5 minutes for the presence of occupants along with power 
consumption of electrical appliances and DHW supply. 
Both occupancy and consumption data are normalized by 
household size or by the maximum of domestic electricity 
demand, respectively. All profiles are stored in the Printer 
Command Language (.prn) format which is used for IDA 
ICE source files. In the next step, the model is customized 
on the advanced level to integrate the source file for the 
DHW demand (cf. Weißmann, 2017). In each zone, the 
source files for presence as well as internal gains from 
occupancy and appliances are connected to the model. 
Finally, a set point temperature schedule and a climate 
file, containing Test Reference Year (TRY) weather and 
additional location data, are chosen before the IDA ICE 
code is executed in order to carry out the parametric study 
for all household profiles automatically. 
The possible combinations of building location, 
orientation, energy performance standard and set point 
temperature lead to a total of 108 building models and 
43200 simulations. However, 14 specific building models 
and 5600 simulation runs are selected for further analysis 
(see Table 5). 
Table 5: Description of the variants already simulated. 

L
oc

at
io

n 
/ 

T
R

Y
 2

01
5 

O
ri

en
ta

tio
n Refurbished 

building 
New building 

GEG KFW40 

Temperature set point (°C - 3 K) 
20 21 22 20 21 22 20 21 22 

Po
ts

da
m

 0° X X X X X X X X X 
45° X   X   X   
90° X   X   X   
135° X   X   X   

In addition, the GEG energy performance level with 
orientation of 0° and zone temperature set point of 20 °C has 
been simulated for locations Mannheim and Garmisch-
Partenkirchen. 

Power balancing and evaluation 
The simulation output is processed with the help of 
RStudio (2020). A dataset of power demand profiles for 
space heating and DHW in 5-minute time steps is set up. 
The electrical loads covering the energy demand for space 
heating and DHW as well as for auxiliary equipment are 
summed up to be compliant with the electricity demand 
that needs to be considered according to GEG. 
Furthermore, total power demand per time step is 
calculated for each simulation. The self-consumed power 
from PV generation cs,t for each time step t is defined as 
the PV generation 𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡 if the electricity demand exceeds 
the generation or as the electricity demand 𝑞𝑞𝑚𝑚.𝑡𝑡 in other 
cases (1). The sum of self-consumed power for all T 

timesteps is divided by the total annual PV generation in 
order to calculate the yearly self-consumption 𝑐𝑐𝑠𝑠,𝑎𝑎 (2). 

 𝑐𝑐𝑠𝑠,𝑡𝑡  = �
𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡   𝑓𝑓𝑓𝑓𝑓𝑓 𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡 ≤  𝑞𝑞𝑚𝑚.𝑡𝑡
𝑞𝑞𝑚𝑚.𝑡𝑡      𝑓𝑓𝑓𝑓𝑓𝑓 𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡 >  𝑞𝑞𝑚𝑚.𝑡𝑡    (1) 

 ∑ 𝑐𝑐𝑠𝑠,𝑡𝑡
𝑇𝑇
𝑡𝑡=1

∑ 𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡
𝑇𝑇
𝑡𝑡=1

= 𝑐𝑐𝑠𝑠,𝑎𝑎     (2) 

To calculate the indicator of annual self-sufficiency ss,a, 
the difference of power demand and PV generation sm,t is 
calculated for each time step (3). Afterwards, the annual 
self-sufficiency ratio is determined by calculating the 
mean value of 1 minus the ratio of sm,t and the PV 
generation in the corresponding time step qm,t adjusted for 
those time steps where PV generation exceeds the 
electrical power demand (4). 
 𝑞𝑞𝑚𝑚,𝑡𝑡 −  𝑞𝑞𝑃𝑃𝑃𝑃,𝑡𝑡 =  𝑠𝑠𝑚𝑚,𝑡𝑡   (3) 

 1
𝑇𝑇
∑ 1 − � 𝑠𝑠𝑠𝑠,𝑡𝑡

𝑞𝑞𝑚𝑚,𝑡𝑡
�𝑇𝑇

𝑡𝑡=1 = 𝑠𝑠𝑠𝑠,𝑎𝑎    ; 𝑠𝑠𝑠𝑠,𝑡𝑡 =  �max (𝑠𝑠𝑚𝑚,𝑡𝑡, 0)�  (4) 

In equations (1) to (4) m indicates the mode of calculation 
based on the demand of GEG compliant consumers or 
total energy demand, respectively. For each simulation 
run, the indicators PV self-consumption and self-
sufficiency are used to derive mean values for defined 
subsamples and develop the practical calculation 
approach. 
Results 
Occupant behavior 
Figure 1 depicts the evaluation of the electricity demand 
within each household group. 

 
Figure 1: Evaluation of synthetic PeakTime  

load profiles. 
The plot shows that the annual electricity demand of a 
household depends significantly on the household size. At 
the same time, the large scattering of annual demand in 
households with 3 and 4 or more members, respectively, 
implies an impact of other factors, too. Figure 1 also 
visualizes that the mean presence of household members 
at home does not have a major impact on the annual 
electricity demand of household appliances. However, the 
level of mean presence among the four household groups 
confirms the chosen clustering according to the 
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employment status and working hours of household 
members. Household group 1 with full-time employed 
household members only shows a mean presence of 0,68 
compared to 0,86 or 0,82 in household groups 2 or 4, 
respectively (cf. Table 3 for definition). Assuming that 
greater presence at home leads to higher PV self-
consumption, the differences between household group 1 
and 2 shall become apparent in the following evaluations 
of the parametric study. 
PV profiles 
As mentioned before, PV profiles are simulated for three 
different locations and five azimuth angles with a fixed 
panel slope of 35°. For each building model used in the 
parametric study, the profiles are scaled to levels of 
annual PV generation of 2.000 kWh to 20.000 kWh. For 
most of the building orientations, only one side of the roof 
is considered to be applicable for PV installation. 
However, for a building orientation of 0° the PV system 
covers both sides of the roof and, thus, power generation 
profiles for azimuth angles of 90° (west) and 270° (east) 
are added up. As an example, Figure 2 compares a PV 
system facing south (azimuth of 0°) with a system that 
combines east and west direction. The figure shows the 
mean monthly PV yield per hour normalized with the 
mean maximum yield for any hour of the year. The PV 
generation patterns differ due to location and building 
orientation. Especially for Potsdam the PV yield in both 
morning and evening hours is higher having an east-west 
configuration of the PV system (top left vs. top right). A 
correlation of building and PV orientation with PV self-
consumption and self-sufficiency is obvious for certain 
occupant behavior patterns. 

 
Figure 2: PV profiles 

Evaluation and estimation of PV self-consumption 
and self-sufficiency 
The evaluation of PV self-consumption and self-
sufficiency from the results of the parametric runs is one 
important parameter needed to develop a practical 
approach for applications in the field of energy 
consulting. For this reason, the dataset derived from the 
building simulations and the energy balance is analyzed 
over multiple steps. First, for each simulation run and 
level of annual PV generation a comparable and 
applicable variable is calculated. The ratio of annual PV 
generation and total household electricity demand is used 
to analyze the other factors that have an impact on PV 
self-consumption. This establishes a more reliable 
estimation for energy consultants and building owners. 
Annual PV generation and household electricity demand 
are values commonly used in the context of energy 
consulting with focus on PV installations. Second, the 
data is filtered to reduce the number of dependencies 
among all variables and to start with those factors that are 
the focus of this investigation. A reduced dataset is 
compiled for the location of Potsdam, a building 
orientation of 0°, energy performance standard according 
to GEG and temperature set point of 20 °C.  
Figure 3 shows the range of self-consumption values for 
different household groups and sizes. The latter has a 
significant impact on self-consumption. This relation 
seems to be correlated to the total annual electricity 
demand which increases with household size (cf. 
Figure 1). The large spread within each subgroup can be 
attributed to the consideration of all PV system sizes. For 
this reason, and due to the fact that Figure 3 is not 
applicable for any meaningful estimation of self-
consumption in a practical context, a visual analysis using 
the ratio of annual PV production and total electricity 
demand is performed in the following. 
Figure 4 visualizes the correlation of self-consumption 
with the ratio of annual PV generation and household 
specific electricity demand. The scattered data points are 
based on 400 simulations of the building model described 
and on ten levels of annual PV generation between 
2000 kWh and 20000 kWh for each simulated household. 
The relationship between the variables shown in Figure 4 
becomes obvious for the reduced dataset: The mean self-
consumption for households of different household 
groups and sizes can be determined graphically if the ratio 
of PV generation and electricity demand is known. The 
estimation is facilitated by the lines in Figure 4 which 
reflect a locally fitted curve for the dataset using a 
generalized additive model smoothening as implemented 
in the ‘ggplot2’ package for R (Wickham, 2016). 
To achieve a high degree of applicability and reliability 
for individual households and energy consulting 
purposes, the existing spread is further investigated by 
identifying the correlation between PV self-consumption 
with household group and size. The same analysis is done 
with regards to PV self-sufficiency rates. For single 
household groups and sizes, Figure 5 shows the deviation 
of mean PV self-consumption and self-sufficiency rates 

Building orientation: 90°
PV Azimuth: 0°

Building orientation: 0°
PV Azimuth: 90° + 270°
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for those data points that belong to the same level of 
annual PV generation. These mean values are 
standardized with the average across all households in the 
reduced dataset. Therefore, figures can be predicted easily 
for each household configuration by using the graphs. The 
standardized deviation factor can be multiplied with the 
determined PV self-consumption and self-sufficiency 

rates for the reduced dataset (shown in Figure 4) to obtain 
a robust estimation. In addition, the relative standard 
deviation of each household configuration (i.e. 
combination of group and size) is used to derive 
confidence intervals and give additional information on 
how real PV self-consumption and self-sufficiency values 
may differ from the results of the graphical estimation 
approach presented. 
Discussion and Outlook 
So far, the approach for the estimation of the households’ 
individual PV self-consumption and self-sufficiency rates 
is based on the graphical evaluation of a reduced subset 
from the parametric study. This dataset has been narrowed 
down to the location of Potsdam and a building 
orientation of 0° describing a PV system configuration on 
the roof in east and west direction. Being aware that 
location specific climate conditions and varying 
orientations of PV modules lead to additional uncertainty 
regarding the rates of PV self-consumption and self-
sufficiency, this research may be used for initial 
assessments. However, the developed approach is an easy 
to use method for ad-hoc estimations that needs only a 
limited number of input values. To include the impact of 
varying locations, orientations, set point temperatures and 
building performance standards, an extended analysis will 
be conducted in the near future. A first comparison of the 
reduced dataset for Potsdam with the locations of 
Mannheim and Garmisch-Partenkirchen shows increasing 
PV self-sufficiency rates. Still, no assessment has yet 
been conducted on how specific rates for household 
groups and sizes vary for the locations. Furthermore, 
consecutive investigations will incorporate statistical 
methods to describe correlations of variables to model a 
formula-based estimation of PV self-consumption and 
self-sufficiency for private households. The interaction of 
building and grid may be a further object of investigation 
for the future and could make use of dynamic CO2 
emission factors for the public electricity supply (cf. 
Wörner et al., 2019 and Müller and Wörner, 2019) to 
achieve a broader understanding of household behavior 
influencing building mounted PV production and grid 
supply. 

Figure 3: Dependency of self-consumption on household group and size. 

Figure 4: PV self-consumption and self-sufficiency as a 
function of ratio of annual PV generation and total 

electricity demand. 
 

Building orientation: 0°
Location: Potsdam
Room set temp.: 20°C
Performance Level: GEG

Building orientation: 0° Location: Potsdam
Performance Level: GEG Room set temp.: 20°C
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Conclusion 
The authors combined a stochastic occupant behavior 
model with the building simulation software IDA ICE to 
perform a comprehensive parametric study. The results 
are used to develop a practical approach to estimate PV 
self-consumption and self-sufficiency for individual 
households. The graphical procedure of the method 
ensures applicability and distinctiveness between 
household groups. This emphasizes the methods 
significance in contrast to estimations based on standard 
or reference load profiles. In addition, the indication of 
confidence intervals for household configurations 
strengthens the reliability of the estimated rates of PV 
self-consumption and self-sufficiency going beyond the 
standard procedures established in the context of practical 
energy consulting. Even in the context of energy research 
the consideration of varying occupant behavior is still far 
from being state-of-the-art. That is why this paper intends 
to further emphasize the importance of incorporating the 
energy-related impact of occupants. 
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