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Agenda

PED defintion and assessment Design goals

ƷWhy another klimaaktivCertification? Differences to the klimaaktiv Siedlungen und Quartiere not enough?

How it works: Contextual positive Energy & Emission Balance

ƷSystem Boundaries: (((Operation& Plugloads (Alpha)), Mobility (Beta)), Embodied Emissions (Omega))

ƷContexts: Density, Flexibility, Surrounding Energy System, Vintage

Does it actually work? Examples
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http://www.klimaaktiv.at/siedlungen
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PED Definition as a design problem

Goals

Positive Primary Energy Balance  as a 
Certifiable System, quantitative 
Targets and Assessments
Links EU and national climate goalsof carbon neutrality  
by 2050 to local ŘƛǎǘǊƛŎǘ ǘŀǊƎŜǘǎΣ ǘƘŀǘ ŀǊŜ άǎǳŦŦƛŎƛŜƴǘ ŦƻǊ ŀ 
ŦǳǘǳǊŜ млл҈ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳέ

Feasibility and comparability of PEDs in all EU MS, not 
individual project definitions 

Urbanfeasibility (Technical/legal/economic)

Definition operationalization is multi-layered and can 
take regional and local contexts and potentials into 
account

4Preliminary results of Cities4PEDs JPI UE PED 
Project: Brussels, Stockholm, Vienna

Categorical Imperative (freely adepted from Kant): 
"Build and refurbish districts in such a way that if all districts were built and 

refurbished in this way, the entire building stock would be sufficiently 
decarbonized within the envisaged future energy system"

© 2021 FH Technikum Wien
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A (KPI) Bouquet AND A single KPI: Balance

Improvement Maximization

Processoriented

Many incomparable approaches and labels

Ambition Sufficiency

Performance

Flexible

Comparable

Settlements and Neighborhoods Plusenergiequartiere
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Whats in it? System boundary considerations

Advantages of Layered 
Approach:

Varyingdataavailability
w/ increasing effort 
Inclusion ofall aspects is 
possible
NOT considering Mobility or 
LC Emissions is still possible, 
but not easier

6



Positive Energy Districts in AustriaςSimon Schneider, MSc. ςUniversity of Applied Sciences Vienna

District
System boundaries and considered energy services

PEQ Alpha
Operation
Use

Target
Allocation method linking to 
national decarbonization targets 
2040

Local renewable 
energy sources

Grid use (Electricity, District heating, gas, etc.)

Energy flows over the system boundary,
Flexible energy exchange of renewable EXCESS is free

flexible use of renewable Excess in the system

Faktor 0

Balance

Grid feed in (PV,Heat)

Context factor
Building density

2íĚġĖíÎġ ÌÀúÀĀÎÙ ̝ ˨ÎĆĀġÙĳġ æÀÎġĆĖ˩ ̡ ʴ

PEQ Beta
+ motorized 
individual traffic

PEQ Alpha

Total Primary Energy

PEQ Omega
+ Embodied 
Emissions

PEQ Beta

Total Primary Energy

PEQ Omega

GHG- Emissions

Mobility Budget 
Per service reference unit

GHG Emission 
Budget
Per Person

Single KPI for sufficient efficiency, flexibility and onsite RES 
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Target
of the energy balance is a function 

of district context

Import

of Energy flows over the 
defined system boundary 
through conversion factors

Weighting

Export

+ Weighted Export 
W˟eighted Import

Conversion factors
for all energy flows

System 
boundaries
Spatial, Temporal and 
functional ( i.e. considered energy 
services)

Energy flexible operation 
can be assessed with 
timedependent 
conversion factors

- ContextFactor > 0

Assessment Method:
Efficiency, Flexibility and onsite RES in a single KPI
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Context 1 for Operation: Density

PE-Balances of example districts over Floor Area Ratio (Gross Floor Area / Plot Area)

 

Detached 
SF Homes Skyscrapers

Background

Positive energy balance feasibility self-evidently 
depends on density, studies unsurprisingly show:

ü A. Blumberga u. a.Σ α¢Ǌŀƴǎƛǘƛƻƴ ŦǊƻƳ ǘǊŀŘƛǘƛƻƴŀƭ ƘƛǎǘƻǊƛŎ ǳǊōŀƴ block to positive energy blockάΣ 
Energy, Bd. 202, S. 117485, Juli 2020, doi: 10.1016/j.energy.2020.117485.

ü H.-aΦ bŜǳƳŀƴƴΣ !Φ IŀƛƴƻǳƴΣ wΦ {ǘƻƭƭƴōŜǊƎŜǊΣ DΦ 9ǘƳƛƴŀƴΣ ǳƴŘ ±Φ {ŎƘŀŦŦƭŜǊΣ α!ƴŀƭȅǎƛǎ ŀƴŘ 
Evaluation of the Feasibility of Positive Energy Districts in Selected Urban Typologies in 
Vienna Using a Bottom-¦Ǉ 5ƛǎǘǊƛŎǘ 9ƴŜǊƎȅ aƻŘŜƭƭƛƴƎ !ǇǇǊƻŀŎƘάΣ Energies, Bd. 14, Nr. 15, Art. 
Nr. 15, Jan. 2021, doi: 10.3390/en14154449.

ü AΦ .ǊǳŎƪΣ {Φ 5ƝŀȊ wǳŀƴƻΣ ǳƴŘ IΦ !ǳŜǊΣ α! /ǊƛǘƛŎŀƭ tŜǊǎǇŜŎǘƛǾŜ ƻƴ tƻǎƛǘƛǾŜ 9ƴŜǊƎȅ 5ƛǎǘǊƛŎǘǎ ƛƴ 
Climatically Favoured Regions: An Open-Source Modelling Approach Disclosing Implications 
ŀƴŘ tƻǎǎƛōƛƭƛǘƛŜǎάΣ Energies, Bd. 14, Nr. 16, Art. Nr. 16, Aug. 2021, doi: 10.3390/en14164864.

ü SΦ {ŎƘƴŜƛŘŜǊΣ bΦ .ŀǊǘƭƳŅΣ WΦ [ŜƛōƻƭŘΣ tΦ {ŎƘǀŦƳŀƴΣ aΦ ¢ŀōŀƪƻǾƛŎΣ ǳƴŘ ¢Φ ½ŜƭƎŜǊΣ αbŜǿ 
!ǎǎŜǎǎƳŜƴǘ aŜǘƘƻŘ ŦƻǊ .ǳƛƭŘƛƴƎǎ ŀƴŘ 5ƛǎǘǊƛŎǘǎ ǘƻǿŀǊŘǎ άbŜǘ ½ŜǊƻ 9ƴŜǊƎȅ .ǳƛƭŘƛƴƎǎέ 
/ƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǘƘŜ 9ƴŜǊƎȅ {ŎŜƴŀǊƛƻ нлрлάΣ ƎŜƘŀƭǘŜƴ ŀǳŦ ŘŜǊ w9![ /hwtΣ YŀǊƭǎǊǳƘŜΣ нлмфΦ 
[Online]. Verfügbar unter: http://repository.corp.at/id/eprint/487

Floor area ratio 
(Density)

Examination of approach incl. adaptation for very dense districts(up to FAR= 7.5) and very soparsebuilt settlements (FAR<= 0.5).
Approx. 40 districtswere evaluated in detail in the last 5 years (Hourlysimbased on PHPP, Energy Performance Certificate, partly more 
complex simulations with Trnsys etc.).
Conclusion: economically feasible PEDcan be presented with relatively low effort.
Obstacles: Fixed maximum investment costs, innovative business models only common for some utilities, energy communities not yet
implemented.

https://doi.org/10.1016/j.energy.2020.117485
https://doi.org/10.3390/en14154449
https://doi.org/10.3390/en14164864
http://repository.corp.at/id/eprint/487
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Context 1 for Operation: Density
Solution - > Make target depend on density by either:

achieve a balance depending 
on the density (red line)

or 
Add the virtual density 
context to your balance 

Floor area ratio 
(Density)Detached 

SF Homes
Skyscrapers
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Curve- Parametrization of the Density Context

12

Parameterization is not a 

direct representation of the 

technical potential of a 

neighborhood as a function of 

density. 

The parameterization is only 

motivated by the technical 

potential, but the actual CF is 

significantly lower than the 

technical potentials and needs 

and ensures that over the 

entire building stock, the 

future energy balance 

requirements according to 

scenarios are met
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Target
of the energy balance is a function of 

district context, not just positive:

Import

of Energy flows over the 
defined system boundary 
through conversion factors

Weighting

Export + Weighted Export 
W˟eighted Import

Conversion factors
for all energy flows

System 
boundaries
Spatial, Temporal and 
functional ( i.e. considered energy 
services)

Energy flexible operation 
can be assessed with 
timedependent 
conversion factors

- ContextFactor > 0

Context 1 for Operation: Density 
From Zero to Hero: 

> Target
or equivalently

> 0
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Target
of the energy balance is a function 

of district context

Import

of Energy flows over the 
defined system boundary 
through conversion factors

Weighting

Export

+ Weighted Export 
W˟eighted Import

Conversion factors
for all energy flows

System 
boundaries
Spatial, Temporal and 
functional ( i.e. considered energy 
services)

Energy flexible operation 
can be assessed with 
timedependent 
conversion factors

- ContextFactor > 0

Context 2 for Operation: Flexibilty
Assess Efficiency, Flexibility and onsite RES in a single KPI with weighting
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Example of dynamic PED weighting

  Typischer Februar, elektrische Energiedeckung zeitabhängig   

Á Control: In case of oversupply of solar power or wind peak shaving, the enabled storage tanks are charged: Component activation for 
heating/cooling, buffer storage, battery, bicycle/car batteries in each case if available and depending on the enable signal (e.g.
MaxTemperatures etc.). Variant alfa+mobil grid-serving

Á Simplified dynamic simulation: The temporal exchange between the services/sectors (conditioning buildings, eMobility, etc.) and the 
storage can be precisely balanced with little effort (especially important for economic efficiency depending on the business models!). For 
quality assurance, the use over the entire planning and operation process is useful.
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PED Beta (˟individual motorized) Mobility
 PEQ Beta (Alpha+MIV)

16

Á Why bother? Future Emobility loads will substantially be covered by onsite RES (in climateneutral 
scenarios) -> consideration can optimize RES self-utilization, grid support, usage of E-Storage

Á Allocation of offsite ressources follows Statistics (similar to klimaaktiv ςSiedlung) -> fair and 
independent

Á Demand calculation is dynamic -> dependant on location and usage of the district
Á Method can be used for all Austrian districts without additional data or effort. 
Á Groundwork for future dynamic models with price signals
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Context for Mobility: Surrounding Energy System

Problem : Except for rich, 

detached SFH with Teslas, no 

District can additionally supply 

its own mobility energy

Solution: Districts get a virtual 

balance credit based on the 

surrounding energy system 
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Mobility Energy demand (cols) vs.˧-ĖÙÓíġ˨ ˜ĖÙÓ úíĀÙ˝

19

Calculation method in detail: In addition to PED Alpha, two components are added:
Å (dynamic) energy demand of the private everyday mobility induced by the 

neighborhood (statistically projected). This depends on the public transport 
connection of the location, as well as the mix of uses in the neighborhood, 
resulting in a neighborhood-specific mobility profile and associated energy 
demand.

Å Mobility energy budget as a balance credit from the surrounding renewable 
energy system ("surplus" from central renewable large-scale power plants, 
which is allocated to the neighborhood per created floor space.

Comparison between energy 
demand with 100% fossil (gray) 

and 100% electric (colored by 
usage). The mobility credit is 

shown as a blue line and is 
proportionally the same for all 

uses.
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PED Omega: Scope 3 and climate neutrality 2040

Basis target maximum CO2 equiv per human 2040: All human-caused activities are included, all greenhouse gases are included: 

energy services, "material" services, sinks, etc.

Basis: treaty under international law, global warming to be limited to 1.5, but no more than 2 K compared to pre-industrial times according to 

Paris 2015 climate conference, i.e.maximum CO2 equiv budget per human by 2050 [Schellnhuber 2015]. With the same distribution over all 

people in 2017 according to [Meyer, Steininger 2017], this results approximately in 96 t CO2 equiv per person. 

Reference to neighborhoods: All measures that can be influenced in neighborhoods and buildings

-> Budget Allocation approach (WIP)
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https://www.aspern-
seestadt.at/wirtschaftsstan
dort/innovation__qualitaet
/nachhaltigkeit 

αaspern klimafitά ς the new 
building standard of the SeeStadt Aspern

https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
https://www.aspern-seestadt.at/wirtschaftsstandort/innovation__qualitaet/nachhaltigkeit
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PED Omega Emission Target derivation

Quelle: Zelger, Leibold, Schneider, Stukey, Holzer, Drexel, Becker, Schöfmann 2020: Studie aspern klimafit im Auftrag aspern 3420. FHTW, IBRI, Becker, 

Drexel reduziert, UIV. 

Total CO2 footprint Austria (consumption-related) CO2 footprint that can be influenced by neighborhoods/buildings

On this basis, the maximum CO2 footprint currently (current conversion factors) is 0.8 t CO2 equiv/person a.
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PED Omega: Targets
 Methodik Zukunftsquartier

23

The Emisison credit for PED Omega 2023 is 0.8 t CO2equiv/EW a! This must cover all services according to system boundary PED Omega: 
Å Space conditioning, ventilation, regulation, domestic and operational electricity, etc. (system boundary PEQ Alpha).
Å In addition to PED Alpha coverage of motorized individual mobility (system boundary PEQ Beta)
Å In addition to PED Beta, coverage of operating energy for everyday public mobility, plus gray energy for buildings over theirlife cycle 

and for everyday mobility (PED Omega).

For Austria as a whole (assumption simplified 9,000,000 PE), this results in 7,200,000 t CO2 equiv a, which a total "climate-neutral" 
building/everyday mobility sector should emit in 2023, ormust achieve in the next 17 years (incl. adjustments according to the 
transformation of the overall energy system, mapped in OIB conversion factors). 

The following guidelines are applied for a "fair" allocation:
Å Neighborhoods with high space efficiency (FAR) get a credit in terms of CO2 emission budget. (Allocation factor 

density_PEQ_Omega).
Å New development neighborhoods provide at least some of the residential, employment, educational, or commercial needs. 

Therefore, at least some of the existing CO2equiv budget is shifted from redevelopment to new construction. (Allocation Factor 
Redevelopment/New Construction_PEQ_Omega).

Å Uses away from housing must cope with a significantly higher volume of everyday mobility. (Allocation Factor Destinations Everyday 
Mobility_PEQ_Omegao
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PEQ Omega ˟ Ansatz CO2 Budget
 Kennwerte CO2 Budgets bis 2050 (Referenz 2020)

24

Quelle: Ploß, Ochs, Sigg et al: Low-CostnZEB. Paris-kompatible Mehrfamilienhäuser. Dornbirn 2022
Á Aktualisierung auf Basis 2023 erforderlich
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PEQ Omega ˟ Ansatz CO2 Budget
 Kennwerte CO2 Budgets bis 2050 (Referenz 2020)

25

Quelle: Ploß, Ochs, Sigg et al: Low-CostnZEB. Paris-kompatible Mehrfamilienhäuser. Dornbirn 2022
Á Aktualisierung auf Basis 2023 erforderlich



Positive Energy Districts in AustriaςSimon Schneider, MSc. ςUniversity of Applied Sciences Vienna

PEQ Omega ˟ CO2 Budget versus CO2 2050
 Kennwerte CO2 Budgets bis 2050 (Referenz 2020)

26

Á Bezug Energiedienstleistungen PEQ Omega
Á Sanierungsrate konstant, 1% der Gebäude 

wird nicht energetisch saniert, alle 
anderen auf Standard PEQ! andere
Verteilungen möglich

Á Annahme, dass Konversionsfaktor 
Treibhausgase  Energiequellen (vor allem 
Strom, aber auch Biomasse inkl. 
Aufbringung und Instandhaltung) im Jahr 
2050  0 kg CO2e/kWh betragen.

Á Umrechnung Personen und NGF 
näherungsweise laut aktueller Statistik

Á NGF Wachstumbis 2050 noch nicht 
berücksichtigt

Fazit: Mit der Annahme 800 kg CO2e/Person 
Jahr 2023 ergibt sich eine Gesamtemission PEQ 
Omega von 862,8 kg CO2e/m²NGF 30a mit 
kontinuierlicher Sanierungsrate bis 2050.

Bestand heute 75.58 kg /m²NGF/a Gleichverteilung

Zielwert heute 13.14 kg /m²NGF/a

rel 0% Emissionstyp Anteile am GebäudesektorEmissionsanteile kg/m²NGF/a

Systemische 

CO2 Reduktio Bestand

Omega ZW 

Saniert Sanierungsrate Bestand

Omega ZW 

saniert Bestand

Omega ZW 

saniert

100% 75.6 13.1 0% 100% 0% 75.5801323 0 75.6

96.7% 73.1 12.7 3% 97% 3% 70.6497883 0.41930543 146.6

93.3% 70.5 12.3 3% 93% 7% 65.8857206 0.80969324 213.3

90.0% 68.0 11.8 3% 90% 10% 61.2879293 1.17116344 275.8

86.7% 65.5 11.4 3% 87% 13% 56.8564142 1.50371602 334.2

83.3% 63.0 11.0 3% 84% 17% 52.5911754 1.80735099 388.6

80.0% 60.5 10.5 3% 80% 20% 48.4922129 2.08206834 439.1

76.7% 57.9 10.1 3% 77% 23% 44.5595267 2.32786807 486.0

73.3% 55.4 9.6 3% 74% 26% 40.7931167 2.54475019 529.4

70.0% 52.9 9.2 3% 70% 30% 37.1929831 2.7327147 569.3

66.7% 50.4 8.8 3% 67% 33% 33.7591258 2.89176158 605.9

63.3% 47.9 8.3 3% 64% 36% 30.4915447 3.02189085 639.5

60.0% 45.3 7.9 3% 60% 40% 27.3902399 3.12310251 670.0

56.7% 42.8 7.4 3% 57% 43% 24.4552115 3.19539655 697.6

53.3% 40.3 7.0 3% 54% 46% 21.6864593 3.23877297 722.5

50.0% 37.8 6.6 3% 51% 50% 19.0839834 3.25323178 744.9

46.7% 35.3 6.1 3% 47% 53% 16.6477838 3.23877297 764.8

43.3% 32.8 5.7 3% 44% 56% 14.3778605 3.19539655 782.3

40.0% 30.2 5.3 3% 41% 59% 12.2742135 3.12310251 797.7

36.7% 27.7 4.8 3% 37% 63% 10.3368428 3.02189085 811.1

33.3% 25.2 4.4 3% 34% 66% 8.56574833 2.89176158 822.6

30.0% 22.7 3.9 3% 31% 69% 6.96093018 2.7327147 832.2

26.7% 20.2 3.5 3% 27% 73% 5.52238833 2.54475019 840.3

23.3% 17.6 3.1 3% 24% 76% 4.25012277 2.32786807 846.9

20.0% 15.1 2.6 3% 21% 79% 3.1441335 2.08206834 852.1

16.7% 12.6 2.2 3% 17% 83% 2.20442052 1.80735099 856.1

13.3% 10.1 1.8 3% 14% 86% 1.43098384 1.50371602 859.1

10.0% 7.6 1.3 3% 11% 89% 0.82382344 1.17116344 861.1

6.7% 5.0 0.9 3% 8% 92% 0.38293934 0.80969324 862.3

3.3% 2.5 0.4 3% 4% 96% 0.10833152 0.41930543 862.8 Temperaturhub

0.0% 0.0 0.0 3% 1% 99% 0 0 862.8 1.94

1171.5 203.7 99% kg/m²NGF/30a K

vs ploss Budgets

2° 50% 1095.9kg/m²NGF/30a

2° 67% 932.2 kg/m²NGF/30a

1,75° 67% 566.9 kg/m²NGF/30a

1,5° 67% 327.5 kg/m²NGF/30a

Kumulierte 

emissionen
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PEQ Omega
 Projektwerte und Grenzwerte in Vergleich

27

Characteristics Projects 2023 
(White Paper 2022)High-
efficiency building 
(PH)Characteristics variable with 
allocation of use and densityNo 
optimization Mobility across 
basic assumptionsComment: 
delete allocation new 
construction/renovation.Influen
ce C storage has positive effect 
on low densities (is logical).
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Examples

WITHOUT virtual context 

factors (CF), none of them 

are PED

WITH CF, all districts realize 

their maximum potential 

and can include Mobility!

28© 2021 FH Technikum Wien

Suburban Residential 1 Urban Residential Suburban Residential 2 Urban Mixed Use Dense Urban Mixed Use
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SFH Detached Housing
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Residential 80%

Commercial 14%

Highschool 2%

KIGA & Primary School 1%

Retail 3%

SRS Loudden

District Area 55.56 ha

Gross Floor Area 647 331 m²

District Plot Area 236471 m²

Building Storeys (avg) 5.2 

Floor Area Ratio [FAR] 2.74 

Net to Gross Floor Ratio 85%
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SRS Loudden
District Area 55.56 ha
Gross Floor Area 647 331 m²

District Plot Area 236471 m²
Building Storeys (avg) 5.2 
Floor Area Ratio [FAR]2.74 
Net to Gross Floor 

Ratio

85%

PED Alpha
Context Factor due to Density

27.5 kWh/m²GFAa
32.3 kWh/m²NFAa
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Example 

100% Roof utilization ->

PV Model
Available Roof Area 124313 m²
Weather Stockholm Bromma 2020
Source meteonorm 8
Annual Global Horizontal 
Irradiation 988 kWh/m²

Module
Sunpower 
SPR-435
1046x2067 mm

Annual Yield 901 kWh/kWp
Max Utilization 19.017 MWp

138
kWh/m²Ro
of

26.5 
kWh/m²GF
A

Utilization 25%
Installed Power 4.754 MWp

PV Production 6.6 
kWh/m²GF
A

7.78 
kWh/m²NF
A

Analyzed Variants:
-25% all roofs
-70% all roofs
-90% all roofs
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Indoor temperature
User 

flexibilit
y on indoor

temperature

Ambient
heat:
Boreholes,
ground
water, air,
waste
heat, 
sewers

Thermallyactivated
buildingsystem

(TABS): floor
heating or core

activation(25-35°C)

Heatpumps

RES available:
Charge (thermal) 

storage

Without RES:
Use of storage (thermal, 
then electric),belay 
HVAC operation

Pooled E-Mobility
Reduce cost by
increasingutilizationof
batterieswith BI-
directional loading

Load (W/m²)


