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Motivation:
• Profitability of PV systems has been rising
• Usage of PV electricity so far just for single-family homes
• Legal background in Austria for implementation of PV systems

in multi-apartment buildings since July 2017

Question:
• Optimal dimensioning of PV systems and storages for multi-

apartment buildings with different objective functions
(minimization of annual electricity costs, maximization of self-
consumption)

• Economic viability of the shared PV concept
• Development of business models for usage of communal PV 

systems

1. Motivation and Question

(2/15) 



2. Model and Method (1/4)

Optimization: Maximization of
self-consumption rate

Optimization: Minimization of
annual electricity costs

Multi-Objective Optimization
(MOO)

Optimal calculated
PV Peak Capacity

Optimal calculated energy
Storage Capacity

Solar irradiation Multi-apartment building‘s
load profiles

Detailed flow-chart: Master‘s thesis: B.Fina „Wirtschaftlichkeitsbewertung 
von Photovoltaikanlagen im mehrgeschossigen Wohnbau“, S.11

Model procedure – a brief overview
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𝐸𝐸𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚𝑚𝑚�𝐶𝐶𝑣𝑣𝑣𝑣𝑣𝑣 + 𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝐶𝐶𝑃𝑃𝑃𝑃_𝑏𝑏 + 𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 + 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝐶𝐶𝑣𝑣𝑣𝑣𝑣𝑣 = �
𝑡𝑡=0

𝑡𝑡=35040

𝑒𝑒𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑡𝑡 ∗ 𝑐𝑐𝑣𝑣𝑣𝑣𝑟𝑟_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑡𝑡 ∗ 𝑝𝑝𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓_𝑖𝑖𝑖𝑖

𝐶𝐶𝑃𝑃𝑃𝑃_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑖𝑖0_𝑝𝑝𝑝𝑝 ∗ 𝛼𝛼𝑝𝑝𝑝𝑝 + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ∗ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝐶𝐶𝑃𝑃𝑃𝑃_𝑏𝑏 = 𝑏𝑏𝑝𝑝𝑝𝑝 ∗ 𝑐𝑐𝑜𝑜𝑜𝑜 + 𝑐𝑐𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑝𝑝𝑝𝑝 ∗ 𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓_𝑝𝑝𝑝𝑝
𝐶𝐶𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑖𝑖0_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∗ 𝛼𝛼𝑆𝑆𝑆𝑆 ∗ 𝑆𝑆𝑜𝑜𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

Optimization: Minimization of annual electricity costs

2. Model and Method (2/4)

Optimization Variables:
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 PV Peak Capacity
𝑒𝑒𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 Electricity from the grid
𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 Electricity from PV to load
𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 Electricity from PV to grid
𝑏𝑏𝑝𝑝𝑝𝑝 Binary variable, existence PV

𝑆𝑆𝑜𝑜𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚 Maximum storage capacity
𝑆𝑆𝑆𝑆𝑆𝑆 State of charge
𝑒𝑒𝑖𝑖𝑖𝑖 Electricity into storage
𝑒𝑒𝑜𝑜𝑜𝑜𝑜𝑜 Electricity out of storage
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𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚= 𝑚𝑚𝑚𝑚𝑚𝑚 �
𝑡𝑡=0

𝑡𝑡=35040

𝑒𝑒𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑡𝑡)

2. Model and Method (3/4)

Optimization: Maximization of self-consumption rate

𝑀𝑀𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 = min [𝛼𝛼 ∗
𝐸𝐸𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+ 1 − 𝛼𝛼 ∗

𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

]

Multi-Objective Optimization

𝛼𝛼 Weighting of opposing objective functions
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 Result of annual cost minimization 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 Result of self-consumption maximization
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2. Model and Method (4/4)

Constraints:

Load coverage:
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡 == 𝑒𝑒𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑡𝑡 + 𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑡𝑡 + 𝑒𝑒𝑜𝑜𝑜𝑜𝑜𝑜 𝑡𝑡

Electricity from PV-system:
𝐸𝐸𝑝𝑝𝑝𝑝 𝑡𝑡 == 𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙(𝑡𝑡) + 𝑒𝑒𝑝𝑝𝑝𝑝𝑝𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔(𝑡𝑡) + 𝑒𝑒𝑖𝑖𝑖𝑖(𝑡𝑡)

Storage‘s state of charge:

𝑆𝑆𝑜𝑜𝐶𝐶 𝑡𝑡 == 𝑆𝑆𝑆𝑆𝑆𝑆 𝑡𝑡 − 1 −
𝑒𝑒𝑜𝑜𝑜𝑜𝑜𝑜 𝑡𝑡
𝜂𝜂𝑆𝑆𝑡𝑡

+ 𝑒𝑒𝑖𝑖𝑖𝑖 ∗ 𝜂𝜂𝑆𝑆𝑡𝑡

Restrictions:
0 ≤ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ≤ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑚𝑚𝑚𝑚𝑚𝑚
0 ≤ 𝑆𝑆𝑆𝑆𝑆𝑆(𝑡𝑡) ≤ 𝑆𝑆𝑜𝑜𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚

𝑆𝑆𝑜𝑜𝐶𝐶 1 == 𝑆𝑆𝑜𝑜𝐶𝐶(𝑁𝑁) == 0

Non-negativity conditions of optimization variables 
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Assumptions:
• 10 apartments 

(Units 1 – 10)
• Load increasing with 

number of apartment
 Unit 1: 1399 kWh/a
…
 Unit 10: 3683 kWh/a

• Limited rooftop-area
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 21kWp

Grid connection point

Apartments

Common PV-plant

Unit 9 Unit 10

Unit 7 Unit 8

Unit 5 Unit 6

Unit 3 Unit 4

Unit 1 Unit 2

3. Results (1/7)

Optimization conducted for individual apartments‘ load profiles

(7/15) 

Comparison for AT and DE  DE high retail electricity price because of
high renewable surcharge (EEG-Umlage)! 



Optimal PV Peak Capacity installed:
• AT: Weight of 100% cost minimization  no PV system built no cost

saving potential
• DE: PV system built in any case highly profitable

3. Results (2/7)

(8/15) 

Austrian retail electricity price German retail electricity price



Annual costs of electricity:
• AT: Low variable component of retail electricity price no profitability
• DE: High variable component of retail electricity price profitability

3. Results (3/7)
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Austrian retail electricity price German retail electricity price



• Optimizations conducted for
the building considered as
total load

≠ 
Optimizations conducted for
individual load profiles

• Synergy effects between
individual load profiles

Grid connection point

Apartments

Photovoltaic

Unit 9 Unit 10

Unit 7 Unit 8

Unit 5 Unit 6

Unit 3 Unit 4

Unit 1 Unit 2

Energy-cell

3. Results (4/7)

Optimization conducted for building considered as total load
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3. Results (5/7)

Total load vs. individual apartments:
• Synergy effects between load profiles of individual apartments
• Building as total load Larger optimal PV system size

 Increased cost-saving potential
(11/15) 

Austrian retail electricity price German retail electricity price



3. Results (6/7)

PV Peak Capacity and Storage Capacity:

• The higher the cost saving potential + the lower the storage‘s investment
costs the larger the PV system and the storage are dimensioned.

(12/15) 

Building considered as total load: PV system + energy storage



Annual electricity costs comparison:
• AT:  Small cost saving potential with PV

 No cost saving potential with PV+storage
• DE:  Immense cost saving potential with PV

 High cost saving potential also with PV+storage

3. Results (7/7)
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Austrian retail electricity price German retail electricity price



Static allocation of PV electricity: (referring to individual load profiles)

PV electricity: Proportionate/Static allocation
Synergies: Not taken into account

Electricity consumption limited by the proportionately allocated amount

Dynamic allocation of PV electricity: (referring to building as total load)

PV electricity: Dynamic allocation
Synergies: Taken into account

Electricity consumption not limited by some allocation schemes
 higher cost saving potential

4. Business Models for Austria
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5. Conclusions

(15/15) 

• Profitability of shared PV systems‘ usage is right on the border in 
Austria

• Therefore immediate implementation of the business model with
dynamic allocation of PV electricity necessary

• Development of further business models for cross-property trading
and integration of electric vehicle charging stations

• For increasing profitability:
 Further decrease of PVs‘ specific investment costs
 Further decrease of storages‘ specific investment costs
 Augmentation of variable component of retail electricity

price
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