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Abstract 

This project is focusing on “Renewable Energy Balancing for residential Homes”. Cost for electric 
energy is continuously rising. Therefore a positive trend towards self-consumption of decentral-
ized-produced energy can be observed. Renewable sources like photovoltaic or wind are occur-
ring in rather fluctuating manners. To increase the self-consumption storage solutions are need-
ed. Batteries meet the specifications a storage system needs for a residential home. Batteries are 
small and powerful.  

 

The scope of this project is to find out: 

“How much battery capacity is needed for a residential home and how much self-consumption 
can be achieved with it?” 

 

A MS-Excel-based program-tool has been developed to guide the design process. The main re-
quirement for this tool was to be easy-to-use. A particularity is the user-definable load and gener-
ation profiles. Self-consumption can be increased to encouraging high levels, whenever the re-
newable energy generation is both frequent and sufficient. 
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Kurzfassung 

Dieses Projekt fokussiert sich auf das „Regeneratives Energien-Management für Wohnhäuser“. 

Kosten für elektrische Energie steigen stetig. Aus diesem Grund gibt es einen positiven Trend zum 

Eigenverbrauch dezentral erzeugter Energie. Das Auftreten von regenerativer Energie aus 

Photovoltaik und Wind sind von starken Fluktuationen unterlaufen. Von Nöten ist eine Speicher 

Lösung, um den Eigenverbrauch zu steigern. Batterien erfüllen als Speicher die Anforderungen 

von einem Wohnhaus, da diese klein und leistungsstark sind. 

 

Im Rahmen des Projektes ist zu ermitteln: 

„Welche Dimensionierung der Batteriekapazität ist nötig für ein Wohnhaus und wie viel 

Eigenverbrauch kann damit erreicht werden?“ 

 

Ein Programm wurde entwickelt zur Überprüfung der Auslegung. Die Anforderungen wurden auf 

eine einfache und leicht handhabbare Software gelegt. Die Berechnung erfolgt als Besonderheit 

über eigens anpassbare Last- und Generator-Profile. Eigenverbrauch kann zu einem 

zufriedenstellenden Maße erhöht werden. Die Bedingung dafür sind fortlaufende und 

hinreichende Energieerträge von der Generator Seite. 
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Basics for Software Development 

Methodology 

The methodology contains the step by step proceedings of the program design and op-
eration procedures. The PV battery program was designed to be with KISS approach 
(Keep it short and simple). Therefore Excel and the integrated Visual Basic for Applica-
tions language (VBA) were chosen as program platform. The office product is wide 
spread. 

First approach: 

• One generator profile 

• One H0 load profile 

• One ideal storage “bucket“ 

One generator (photovoltaic) supplies the consumers of a residential house in addition to 
the grid. The consumption of the house hold is described via a standardised load profile 
called H0. H0 is the only profile for residential homes. For non-residential homes there 
are other profiles like G0 for business, N0 for night powered heaters, L0 for farmers and 
A0 for Traffic lights. 

The profile H0 is an average of 150 households. Time steps accuracy is 15 minutes. The 
interval size of 15 minutes is used as default by utilities for accounting. The PV data was 
obtained via SQL database of GE Global Research Europe in Garching near Munich. The 
one second accuracy was summed up to 15 minute means. 

The load and generation profiles can be subtracted for reckoning the energy value which 
has to be charged or discharged (see Equation 0-1): Battery	Energy	Discharge = Load	Energy	General	 − 	PV	Generation 

Equation 0-1: Equation for Battery Energy Discharge 

The battery calculation algorithm was designed next. Excess energy is stored to the bat-
tery within set boundaries. Energy is supplied by the battery as long the minimum state 
of charge is not reached. The internal consumption quote in the program is applies to 
the total load data and not to the total generation. 
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The first extension stepped into action soon afterwards. Three more generators and 
loads can be added to the calculation. Efficiency for the battery was added. Losses for 
charging and discharging can be set to different efficiency values. 

To exchange the profiles more comfortably, instead of copy paste procedure, a macro 
(VBA-function) enables the user to easily do the exchange. 

Definitions 

Definitions make understanding much simpler. For example battery is often used as a 
synonym for a rechargeable battery. In the sub-chapters following items will be de-
clared: 

• Generators and Loads 

• Internal Consumption and Self-Sustain Quote 

• Battery States 

Generators 

Generators produce electric energy. The energy values are set in profiles. Four genera-
tors are applied as shown in Table 0-1. The generation profiles have to be in 
15 minute intervals for a whole year. 

Table 0-1: Generators for PV-Battery-Tool 

Generators 

Photovoltaic (PV) 

Wind 

Combined Heat 
and Power (CHP) 

GenX* 

* GenX is open for a back-up generator or a self-defined generator 

Loads 

Loads consume electric energy. Loads are a gathering of residential appliances or high 
power consumers like the heat pump or an electric vehicle. The energy values are set in 
profiles. Four loads are applied as shown in Table 0-2. The load profiles have to be in 
15 minute intervals for a whole year. 
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Table 0-2: Loads for PV-Battery-Tool 

Loads 

General (entire Household) 

Car 

Heat Pump 

LoadX* 

* LoadX is an open profile for a self-definable load 

Internal Consumption and Self-Sustainability Quote 

The internal consumption quote used in the program is the self-sustainability quote de-
scribed as SSQ. Since the system is not meant for 100% self-sustainable residential 
homes it is still marked as internal consumption. 

 

Internal Consumption Quote (ICQ) 

The EEG law defines the internal consumption quote as the energy used from PV by en-
ergy produced from PV. The energy used from PV is the energy produced from PV sub-
tracted by the energy fed into grid. The internal consumption quote can be seen in fol-
lowing Equation 0-2: ܳܥܫ = ܸܲ	݉݋ݎ݂	݀݁ܿݑ݀݋ݎ݌	ݕ݃ݎ݁݊ܧ	 − ܸܲ	݉݋ݎ݂	݀݁ܿݑ݀݋ݎ݌	ݕ݃ݎ݁݊ܧ݀݅ݎܩ	݋ݐ݊݅	݂݀݁	ݕ݃ݎ݁݊ܧ  

Equation 0-2: Internal Consumption Equation by EEG 

 

Self-Sustainability Quote (SSQ) 

The EEG internal consumption equation does not describe the real ratio of the total used 
energy at home to the used energy from Generators. The following Equation 0-3 de-
scribes the self-sustainability grade of system. ܵܵܳ = ݏݎ݋ݐܽݎ݁݊݁ܩ	݉݋ݎ݂	݀݁ܿݑ݀݋ݎ݌	ݕ݃ݎ݁݊ܧ	 − ݁݉݋ܪ	ݐܽ	ݕ݃ݎ݁݊ܧ	݀݁ݏܷ݀݅ݎܩ	݋ݐ݊݅	݂݀݁	ݕ݃ݎ݁݊ܧ  

Equation 0-3: Equation of Self-sustainability Grade based on Used Energy at Home 

 

ICQ describes the degree of utilisation of the generator while the SSQ describes the utili-
sation condition of the entire. 
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Examples for the ICQ and SSQ equations: 

Only a small PV system with 2 kW is considered. Over a year it produced 2000 kWh. An 
Energy amount of 1000 kWh was supplied to the grid (fed into grid). 4000 kWh have been 
supplied by the grid by the energy supply company (ESC) / utility. 

For Equation 0-2: ܳܥܫ௘௫௔௠௣௟௘ = 2000	ܹ݇ℎ − 1000	ܹ݇ℎ2000	ܹ݇ℎ = 50	%	
For Equation 0-3 used Energy is supplied energy from ESC + (Energy produced 

from PV – Energy fed into Grid): ܵܵܳ௘௫௔௠௣௟௘ = 2000	ܹ݇ℎ − 1000	ܹ݇ℎ4000	ܹ݇ℎ + (2000	ܹ݇ℎ − 1000	ܹ݇ℎ)	 = 20	% 

Equation 0-3 is the equation used in the program. 

In the following charts are the characteristics of IC and SSQ shown. The chart is stand-
ardised for 10.000 kWh/a of general load, the battery capacity is zero. Figure 0-1 and 
Figure 0-2 shows the IC and SSQ in dependency of the PV Generator size. In the first 
chart PV generator size is step by step increased linearly to 20 kW power and in the se-
cond chart scaled logarithmically. Standard utilisation is one thousand hours per one kW 
installed power. 

 

 

Figure 0-1: ICQ and SSQ scaled linear to PV size multiplied by a utilization time of 1000 h 

divided by Load 
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Figure 0-2: ICQ and SSQ logarithmically scaled 

Looking at the equations for ICQ and SSQ there are three ways to improve the internal 
consumption quote respectively the self-sustainability grade:  

 

1. Increase power output from generators / PV 

2. Decrease energy feed into grid 

3. Decrease energy use at home 

 

These three steps refer to many possible options:  
 

at 1. Install a more powerful PV generator,   
a small additional generator to provide at every time of day. 

at 2. Usage of a storage,   
adjust energy consumption behaviour,  
switch loads to sun shine hours (decrease idle load) 

at 3. Buy class A to A+++* labelled equipment, pay attention to idle loads 

*EU Classes A to D see Annex page A 

In this project each point is considered, but the focus will be on storage dimensioning. 

Battery Load States 

Battery load states define the stored energy level. There are many boundaries to de-
scribe the battery state. 
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Cycles per Year 

Cycles per year defines the energy input to the battery without further losses divided by 
the useable capacity of the battery (see Equation 0-4). These cycles are full cycles. The 
battery is not fully charged each time during the year many. The occurrences appear in 
case produced energy is insufficient. These cycles are less stressful to the battery. ݏ݈݁ݕܥ	ݎ݁݌	ݎܽ݁ݕ = ݕݐ݅ܿܽ݌ܽܥ	ݕݎ݁ݐݐܽܤݏ݁ݏݏ݋ܮ	݁ݎ݋݂ܾ݁	ݐݑ݌݊ܫ	ݕ݃ݎ݁݊ܧ	  

Equation 0-4: Calculation Cycle Counts per Year 

System Storage Efficiency 

Efficiency is the ratio of useable energy to the applied energy. In case of the battery effi-
ciency for charging and discharging are applied (see Equation 0-5 and Equation 0-6). ݕ݂݂ܿ݊݁݅ܿ݅ܧ	݂݋	݁݃ܽݎ݋ݐܵ	ܥℎܽ݃݊݅݃ݎ = ݕ݃ݎ݁݊ܧ	ݐݑ݌݊ܫݕ݃ݎ݁݊ܧ	݀݁ݎ݋ݐܵ	  

Equation 0-5: Energy Efficiency of Charging the Storage ݕ݂݂ܿ݊݁݅ܿ݅ܧ	݂݋	݁݃ܽݎ݋ݐܵ	ܿݏ݅ܦℎܽ݃݊݅݃ݎ = ݕ݃ݎ݁݊ܧ	݀݁ݎ݋ݐܵݕ݃ݎ݁݊ܧ	ݐݑ݌ݐݑܱ	  

Equation 0-6: Energy Efficiency of Discharging the Storage 
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Monte Carlo Simulation 

The Monte Carlo Simulation (MCS) gives the opportunity to see what bandwidth variety 
the conclusion can have. The MCS calculate the data by diversifying the loads, genera-
tions and battery-sizes. Therefore the loads and generations are changed from plus mi-
nus X % with a Gauss-distribution in eleven quantified steps. The battery values are dis-
tributed as a Weibull-distribution, due to the fact that batteries mostly do not hit their 
rated capacity. Also they are affected over time by their usage, which will lead to capaci-
ty loss. As conclusion a bandwidth variety with their possibilities of occurrence are given. 
The parameter can be set. 

 

Figure 0-13: Gauss-Distribution 

 

Figure 0-14: Weibull-Distribution 

Plot for Standard Values: PV 5 kW, Load General 5000 kWh/h, Battery 5 kWh, SoC 20%, 
Maximum Load 
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Figure 0-15: Bandwidth – Probability over Internal Consumption Quote 

Robustness Simulation 

The robustness simulation is like the MCS an analysis type where more information can 
be gathered. For robustness simulation ratios are taken into account. There are two rati-
os: PV to Load and Battery to Load ratio (see Table 0-7). Every output parameter can be 
displayed as dependency of the ratios which maxes similar sized systems comparable. 

Table 0-7: Ratios for Robustness Simulation 

Ratio # Ratio between … and … Ratio Calculation 

1 PV Generation PV and Load 0.1 … 2 ௞ௐଵ଴଴଴ ௞ௐ௛ 

2 Bat Battery and Load 0.1 … 20 ௞ௐ௛ଵ଴଴଴ ௞ௐ௛ 

Example: 

Generation PV and Load Ratio = 1 (Ratio #1 PV) ݀ܽ݋ܮ	 ∶= 5000	ܹ݇ℎ ⇒ ܸܲ										 = 	݀ܽ݋ܮ × (ܸܲ	1#	݋݅ݐܴܽ) = 5000	ܹ݇ℎ	 × 1	 ௞ௐଵ଴଴଴	௞ௐ௛ =																							= 5		ܹ݇	 
 

Battery and Load = 2 (Ratio #2 Bat)  

0%
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10%

43% 44% 45% 46% 47% 48% 49% 50% 51% 52% 53% 54% 55% 56% 57% 58% 59% 60%
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ICQ ‐ ‐ ‐ Initial Value 52.3 % +15/‐18 %
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⇒ ݕݎ݁ݐݐܽܤ = 	݀ܽ݋ܮ × (ݐܽܤ	1#	݋݅ݐܴܽ) = 5000	ܹ݇ℎ	 × 2	 ௞ௐ௛ଵ଴଴଴	௞ௐ௛ = 	 ଶ	×ହ଴଴଴	௞ௐ௛ଵ଴଴଴ =	 																							= 10	ܹ݇ℎ 

Similar Systems: 

If ratios and additional background parameters (see 0) stay the same technical output 
values stay the same; economical costs vary. 

The results of the robustness simulation are shown in chapter 0. 
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The Energy demand x for one time step is calculated by the x kWh/a entered in the Load 
profile window. Factor R stands for Recalculate or Resize. ܧതௗ௘௠௔௡ௗ	௫ = ௫	௜௡	[௞ௐ௛ ௔⁄ ]ଵ଴଴଴	௞ௐ௛ ௔⁄ ×  ଴	തௗ௘௠௔௡ௗܧ

Factor R 

Equation 0-7: Calculation of Energy Consumption 

The general load profile is an average of 150 Single-Households normed to 1000 kWh/a. 

Resize Calculation Example: 

Time January 1st 00:00 

General Energy Demand x 5000 kWh/a 

Profile Energy Value 27 Wh (in this 15 min time step) 

Power: ܲ = 27ܹℎ × 60 ௠௜௡௛15 ݉݅݊ = 27 ܹℎ × 4ℎ = 108	ܹ 

 Factor 

 ௫	തௗ௘௠௔௡ௗܧ  
ܴ = ݔ ݅݊ [ܹ݇ℎ/ܽ]1000 ܹ݇ℎ/ܽ = 5000 ܹ݇ℎ/ܽ1000 ܹ݇ℎ/ܽ = തௗ௘௠௔௡ௗܧ5 ௫ = ܴ × 27 ܹℎ = 5 × 27ܹℎ = 135	ܹℎ	 

Profiles normed to 1 kW (Generators) 

Generation profiles are normed to 1 kW of generator power; except PV; PV is normed to 
1000 kWh/a. The PV full time usage hours for the year can be edited in the parameter 
settings tab. As well the PV to Inverter Ratio can be edited to limit PV generation output. 

Battery Algorithm 

The battery algorithm is shown by the three sequence charts. The battery system recalls 
generation and load data (see Figure 0-18). In case generation exceeds the consumption 
energy the battery switch to the battery charging algorithm, else the battery is dis-
charged. In case load energy is equal to the generation energy the charge algorithm is 
applied. 
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Software Development Method 

Program Analysis and Finding Best Parameters 

Several simulations were run with different load distributions. For running the simulation 
the standard generator is PV. Several standard households were defined. For a better 
compatibility only the ratios of the robustness simulation were taken into account (see 
chapter 0). The ratios enable the comparison to similar sized systems. 

Robustness Simulation 

The following diagrams make clear how the internal consumption can be increased. The 
ratio PV/Load and Battery/Load have to be increased. PV or battery capacity has to be 
raised or load has to be decreased. The internal consumption and battery lifetime is de-
pendent on the generation and load profiles. 

Standard Household 1 features mostly daily concentrated loads during the day and at 
night no big idle consumers are connected to the system. 

Standard Household 2 instead has got electric vehicles, which consumes as much power 
is the general household load. 

Standard Household 3 got a heat pump and electric vehicles which could be enabled 
during daytime, but the tariff from the energy supply company allows a special contract 
to just use the heat pump during night hours. 

Each standard household is the used data and profile given. The heat pump of “Standard 
Household 3” the heat pump operation algorithm can be improved by using the heat 
pump on days with high solar irradiance and other occasions which fit the energy supply 
company needs. The internal consumption quote rises when generation and load appear 
simultaneously. The battery is less used and lifetime is increased. If load and generation 
do not happen simultaneously the battery is able to store the energy and supply it when 
the generator cannot supply energy. Thus battery is used often and its lifetime decreas-
es. This case applies for PV. The generator only produces power during daytime. Loads 
which are demanded during night hours cannot be supplied instantly. For each standard 
household two graphs are shown as well as the used profiles names. Table 0-8 shows 
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the Inputs and the assigned profiles or data. The profile for load general is my own pro-
file from the first three month of 2012 put together four times for a whole year. 

Table 0-8: Inputs and Profile Assignment for Standard Household 1, 2 and 3 

Input Profile / Data 

Generator PV PV_Garching_1000kWh 

Load General Rics_Loadprofile_MiddleOfJanuaryToMiddleOfMarch 

Load Heat Pump HP_night_Optimized_0_to_6 

Load Car Car_night_0_to_6_1000kWh_per_year 

PV 
70 % cut off: No 

PV/Inverter Ratio: 1 

Battery 

SoCmin:  0 % 

SoCmax:  100 % 

Cyclestability:  2500 

Input/Output Efficiency: 98 % 

Ratios #1 PV 0.1 … 2 ௞ௐ௣ଵ଴଴଴ ௞ௐ௛ 

Ratio #2 Bat 0.1 … 4 ௞ௐ௛ଵ଴଴଴ ௞ௐ௛ 

Chart Interpretation General  

The first table shows the lifetime expectation for the battery (see Figure 0-22). The red 
area shows insufficient battery lifetime, the blue to dark blue area sufficient lifetime up 
to 20 years and the white area the lifetime between shows the area of medium lifetime 
expectation. The second table in the sub-chapters named Household 1 to 3 always 
shows the internal consumption quote over the two ratios (see Figure 0-23). The green 
area shows the highest, yellow medium and red low internal consumption rates. For a 
quick comparison the two charts are simplified using less data and compared in chapter 
0. 
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